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U.s.  Army  Engineer  District,  St.  Louis 

^ _ m — ) ' ' ' 


ENGBR 


SUBJECT:  / Comments 


on  Advance  £opy  of ^Summary Report  on  fcferamec 
giyer,  ^issouri.^pomprehensiv^Basin  Study rf  ^ x 


1.  A preliminary  review  of  subject  report  has  raised  a number 
of  questions  on  which  additional  information  or  clarification  is  required 
These  are  discussed  in  the  following  paragraphs. 


2.  Reference  is  made  to  letter  of  24  November  1964,  on  subject 
report,  in  which  it  is  stated  that  "The  Board  decided  to  return  the  report 
to  the  District  to  await  receipt  of  the  official  report  of  the  Public  Health 
Service  from  the  U.  S.  Department  of  Health,  Education,  and  Welfare, 
relating  to  the  potential  needs  and  value  of  water  storage  for  municipal,  r 
industrial  and  quality  control  purposes."  A report  prepared  by  HEW  1 . ' 
Public  Health  Service,  Region  VI,.  Kansas  City,  Missouri,  December  1964,,  ' ' 
has  been  included  as  Attachment  1 on  the  subject  summary  report.  How-  f " 
ever,  it  is  understood  that  HEW,  Washington,  has  not  yet  given  its  ! 1 

approval  to  the  field  report. 


I 


3.  Attachment  2,  on  the  summary  report,  presents  a derivation 

of  water  supply  and  water  quality  control  requirements  prepared  by  the 
Corps  of  Engineers  and  stated  to  be  based  on  data  and  information  fur- 
nished informally  by  the  U..  S.  Public  Health  Service.  However  the  water 
supply  and  water  quality  demands  developed  by  the  Corps  are  somewhat 
larger  than  values  shown  in  the  HEW  field  report . Both  reports  state  that 
the  only  area  in  the  basin  where  there  is  a need  for  low-flow  augmentation 
in  the  interest  of  water  supply,  is  in  the  lower  Meramec  River  basin  area- 
.Reach  M-7.  The  HEW  report  states  that  the  withdrawal  of  ground  water 

T , * UPP*S  "***  may  h*  lncrea*®d  to  280  million  gallons  per  day  without 
depletion  of  the  aquifer.  Since  the  need  for  water  quality  in  the  upper 
ba^n  prior  to  2020  is  about  70  m.g.d.,  as  indicated  by  HEW,  considera- 
tion might  be  given  to  the  use  of  this  ground  water  as  the  need  develops, 
as  an  altematlve  supplementary  source  for  water  quality  control  in  the 
upper  be  sin. 


proved  for  pubUc  relearnt 
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ENGBR  23  July  1965 

SUBJECT:  Comments  on  Advance  Copy  of  Summary  Report  on  Meramec 
River,  Missouri,  Comprehensive  Basin  Study 


4.  The  HEW  report,  page  VIII-13,  states  that  the  most  likely 
alternative  to  providing  reservoir  storage  for  water  quality  control 
above  Reach  M-7,  was  found  to  be  pumping  part  of  the  treated  wastes 
19  miles  to  the  Mississippi  River  where  sufficient  flow  is  available 
to  satisfactorily  assimilate  the  treated  wastes.  The  annual  value  of 
342,000  acre  feet  of  demand  on  storage  for  quality  control  regulation 
is  given  as  the  annual  transmission  cost  of  the  treated  waste  to  the 
Mississippi  River  which  is  $261,000.  The  Corps  report  allocates  a 
maximum  of  191,000  acre-feet  of  storage  for  water  quality  control  in 
the  three  large  reservoirs,  Meramec  Park,  Union,  and  Pine  Ford,  for 
which  the  allocated  total  annual  cost  is  $356,200.  See  Tables  5 and 
14  of  summary  report.  It  appears  that  the  alternative  is  less  costly 
and  water  quality  storage  as  proposed  for  these  reservoirs  is  not 
economically  justified. 


5.  Table  7,  attachment  2,  indicates  that  the  storage  deficiency 
for  water  supply  only. — based  on  the  assumption  that  the  treated  M-7 
wastes  are  pumped  19  miles  ter  the  Mississippi  River, — would  be  167,051 
acre-feet  for  sub-basin  M-7,  to  meet  the  2070  needs.  The  Corps  report 
provides  for  more  than  430,000  acre-feet  of  water  supply  tutorage  by 
2070,  because  of  the  sharing  of  recharge  or  streamflow  with  the  needs 
for  water  quality  control  reservoir  storage.  It  appears  that  the  difference 
in  costs  between  the  167,000  acre-feet  and  the  430,000  acre-feet  of  wate 
supply  storage  plus  corresponding  evaporation  losses  might  be  credited 
to  the  alternative  of  pumping  the  treated  M-7  wastes  to  the  Mississippi 
River. 


6 .  On  the  basis  of  the  above  paragraph  on  pumping  to  the 
Mississippi  River  the  reservoir  storage  of  332,000  acre  feet  in  the 
Meramec  Park  project,  now  allocated  to  water  supply  and  water  quality, 
would  be  more  than  adequate  to  serv4the  entire  water  supply  needs  in 
the  M-7  basin  area  until  after  the  year  2070.  Accordingly,  on  this  basis 
reservoir  sty^age  reduction  would  be  practical  for  the  following: 


ENGBR  23  July  1965 

SUBJECT:  Comments  on  Advance  Copy  of  Summary  Report  on  Merameo 
River , Missouri,  Comprehensive  Basin  Study 


Estimated 
storage  needed 


Storage  given 


acre-feet  acre-feet 

Irondale  161,000  44,500 

Pine  Ford  285,000  220,000 

Union  ’ 528.000  383.000 

Total  974,000  647,500 

7.  Table  5,  page  24,  of  summary  report  shows  that  the  storage 
allocated  to  local  water  quality  control  for  1-38  reservoir  is  2,500  acre 
feet  and  the  corresponding  allocated  average  annual  cost  is  $132,900. 

The  HEW  field  report,  on  Exhibit  12,  attachment  1,  gives  benefits  for 
water  quality  control  in  reaches  B-l,  B-2,  and  B-3  as  $73,600  annually 
based  on  14,900  acre  feet  draft  on  storage  from  a single  purpose  reservoir 
developed  at  the  1-38  reservoir  site.  The  Corps  project  indicates  storage 
for  quality  water  control  developed  at  a first  cost  of  $2,643,000/2,500 
or  $1,060  per  acre-foot,  and  HEW  indicates  storage  for  water  quality 
control  developed  at  a cost  of  $4,200,000/14,900  or  $280  per  acre-foot, 
which  discounted  at  3 percent  from  1990  to  1970  is  $2,326,000/14,900 
or  $156  per  acre-foot.  It  appears  that  the  alternative  project  for  water 
quality  control  is  less  costly  than  when  storage  is  included  in  1-38, 
and  therefore  water  quality  storage  should  not  be  included  in  this  multiple- 
purpose  project.  A project  for  flood  control  and  recreation  only  at  this 
site  appears  to  be  not  economically  feasible  at  this  time.  Additional 
data  in  this  regard  is  needed . 

8 . As  indicated  in  paragraph  6 above  the  capacity  of  the  Irondale 
project  should  be  reduced  from  161,000  acre  feet  to  44,500  acre  feet. 

Since  the  conservation  and  recreational  water  surface  areas  would  become 
smaller  by  the  revised  formulated  project  the  recreational  costs  and 
benefits  should  be  adjusted  accordingly.  Based  on  maximum  surface  area 
of  the  conservation  pool, the  revised  recreation  benefits  apparently  will 
become  about  one-quarter  the  value  proposed  for  the  original  project. 
Furthermore  under  PL  89-72,  dated  9 July  1965,  the  -Federal  Water 
Projeot  Recreation  Act,  - the  average  annual  charges  allocated  to  recre- 
ation should  not  exceed  one-half  the  total  average  annual  oost.  The 
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E.MGBR  23  July  1965 

SUBJECT:  Comments  on  Advance  Copy  of  Summary  Report  on  Meramec 
River,  Missouri,  Comprehensive  Basin  Study 

Irondale  project  proposed  in  the  summary  report  has  a ratio  of  average 
annual  charges  for  recreation  to  total  project  average  annual  charges 
of  $426,900/$670,200  or  about  0.64.  Therefore  on  this  basis  alone, 
the  project  should  be  reformulated. 

s 

9 . Reduction  in  reservoir  storage  capacities  for  both  Union  and 
Pine  Ford  projects  as  discussed  in  paragraph  6 above,  apparently  would 
result  in  costs  for  recreation  in  conflict  with  the  Federal  Water  Project 
Recreation  Act . Consideration  should  be  given  to  modification  of  the 
storage  capacities  and  appropriate  changes  in  recreation  features  and 
costs. 

10.  The  District  Engineer,  on  page  54,  paragraph  39d(l)  recommends 
non-Federal  interests  give  assurances  that  they  will  repay  the  costs 
allocated  to  water  supply,  etc.  Costs  of  water  supply  storage  to  meet 
the  needs  over  the  first  50  years  of  the  period  of  analysis  are  presently 
estimated  at  $761,000  for  construction  and  $3,700  annually  for  mainte- 
nance, operation,  and  major  replacements.  Costs  of  water  supply  to 
meet  the  needs  covering  the  last  50  years  of  the  period  of  analysis  are 
currently  estimated  at  $8,283,000  for  construction,  etc.  It  might  be 
understood  from  this  statement  that  for  the  water  needed  the  last  50  years, 
there  should  be  no  charge  for  interest  on  the  preceding  50  years.  See 
paragraphs  29  and  36  of  summary  report.  However,  assuming  a 10  year 
interest  free  period  on  future  water  supply  the  interest  on  the  $8,283,000 
compounded  over  the  Interim  40-year  period  alone  would  amount  to  242 
percent  of  the  basic  amount  or  roughly  $20  million.  Therefore  future 
water  supply  50  years  hence  should  cost  local  interests  at  least  $28 
million.  However,  if  the  future  water  supply  is  omitted  from  the  project 
formulation  a comparable  amount  of  water  quality  storage  should  likewise 
be  omitted.  The  Water  Supply  Act  of  1958,  provides  that  modification  of 
a reservoir  project  heretofore  authorized,  surveyed,  planned,  or  con- 
structed to  Include  storage  as  provided,  which  would  seriously. affect 
the  purposes  for  which  the  project  was  authorized,  surveyed,  planned, 
or  constructed,  or  which  would  involve  major  structural  or  operational 
changes  shall  be  made  only  upon  the  approval  of  Congress  as  now  pro- 
vided by  law.  Furthermore*,, if  water  supply  and  water  quality  control 
storage  for  the  second  SO-year  period  is  not  Included  in  the  project 
formulation  and  the  storage  capacity  is  not  ohanged;the  storage  cor- 
responding to  the  future  use  for  the  above  two  purposes  should  be  allo- 
cated to  specific  use  for  reoreatlon.  This  storage  would  then  become 
part  of  the  separable  ooets  to  reoreatlon  and  the  oosts  should  be  shared 
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SUBJECT:  Comments  on  Advance  Copy  of  Summary  Report  on  Meramec 
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by  local  interests.  After  the  local  interests  have  contracted  to  pay 
their  share  for  recreation  there  appears  to  be  a question  whether  they 
would  later  allow  the  storage  for  recreation  to  be  converted  to  storage 
for  water  supply  and  water  quality  control . 

11.  Table  8,  attachment  5,  provides  a cost  allocation  for  #17 
Meramec  Park  Reservoir.  However  it  is  not  possible  to  determine  how 
the  reservoir  storage  allocation  and  conversion  on  Table  7,  attachment 
5,  affects  the  costs  and  benefits  for  water  supply,  water  quality  and 
recreation,  as  shown  in  Table  8,  for  each  25-year  period  as  the  con- 
versions are  made.  Copies  of  cost  allocations,  corresponding  to 
Table  8,  should  also  be  furnished  for  the  information  of  the  Boards 
staff  for  the  other  4 major  reservoirs  recommended. 

• 

12 . On  the  basis  of  allocation  of  costs  for  reservoirs  shown  on 
Table  9,  attachment  5,  the  cost  per  acre-foot  of  storage  allocated  to 
water  quality  varies  from  $1,060  for  1-38,  to  about  $37  for  Meramec 
Park, — and  the  cost  per  acre-foot  allocated  to  water  supply  varies  from 
$43  for  Pine  Ford  to  $1.50  for  Iron’dale.  The  wide  difference  in  cost  be- 
tween water  quality  storage  and  water  supply  storage  is  apparently  due 
to  the  values  based  on  the  least  costly  alternative  from  which  benefits 
are  derived/  and  the  discounting  of  values  from  the  time  that  the  needs 
should  be  met.  In  this  connection  attention  is  invited  to  Exhibit  13, 
attachment  1,  HEW  report.  By  programming  construction  for  a sewage 
plant  effluent  pumping  system  in  stages  in  1990,  2020,  and  2050,  the 
construction  co^ wa&djjcgunted  from  $26,3100,000  for  first  cost  of 
construction  to  $1s for  construction  as  the  need  develops . It 
is  apparent  that  delaying  construction  of  certain  reservoirs  on  an 
equivalent  basis  to  serve  the  water  quality  needs  and  also  the  water 
supply  needs  would  result  in  more  favorable  benefits  aid  a greater 
benefit-cost  ratio  for  the  system  as  a whole. 

13.  Table  2,  attachment  5,  cost  estimates,  angler-use  sites. 
Indicates  that  all  lands  and  damages  will  be  at  Federal  cost.  This 
appears  to  conflict  with  ER  1165-2-4,  12  January  1965,  Recreational 
Developments  at  non-Reservoir  Projects.  It  is  suggested  that  the  cost 
estimates  for  the  angler-use  sites  be  made  in  accordance  with  the 
£R,and  data  furnished  for  the  Board. 


COMMENTS 

ON 

BERH  MEMORANDUM  FOR  RECORD 
(SUMMARY  REPORT  - MERAMEC  RIVER,  MISSOURI) 


The  following  information  is  furnished  on  views  and  comments 
contained  in  Memorandum  for  Record  inclosed  with  letter,  ENGBR, 
Board  of  Engineers  for  Rivers  and  Harbors,  27  July  1965,  subject: 
Meramec  River,  Missouri,  Summary  Report.  References  below  refer 
to  paragraphs  in  the  Memorandum. 


a.  Reference  paragraph  2 - official  report  of  the  Public 
Health  Service.  Report  of  the  Public  Health  Service,  dated  December 
1964,  was  officially  approved  by  the  Chairman  of  the  Review  Board  for 
Water  Supply  and  Pollution  Control,  Department  of  Health,  Education, 
and  Welfare,  Washington,  D.  C. , in  February  1965.  This  was  recon- 
firmed in  telephone  conversation  on  28  July  1965  with  representative  of 
the  Public  Health  Service,*  Region  VI,  Kansas  City,  Missouri,  who  was 
charged  with  the  preparation  of  the  report. 


b.  Reference  paragraph  3 - derivation  of  water  supply  and 
water  quality  control  requirements.  In, the  derivation  of  water  supply 
and  water  quality  control  requirements,  the  District  used  seasonal 
demands  for  both  water  supply  and  water  quality  control  furnished  by 
the  Public  Health  Service.  The  difference  in  storage  requirements 
determined  by  the  Public  Health  Service  and  the  Corps  is  reflected  in  the 
method  of  analysis.  The  Rainwater  method  used  by  the  Public  Health 
Service  indicates  draft^on-  storage,  which  is  the  sum  of  the  incremental 
excesses  of  needed  releases  over  inflow  during  a climatic  year,  whereas 


the  Corps  analysis  indicates  storage  requirements  needed  to  meet 
demands  over  critical  periods  ot  record.  For  a fuller  understanding  of 
tiie  Public  Health  Service  analysis,  there  is  attached  as  inclosure  1 a 
copy  of  critique  on  the  Rainwater  method.  With  regard  to  water  quality 
in  the  upper  basin  area,  the  Public  Health  Service  considered  the  use 
of  groundwater  as  an  alternative  source,  but  found  that  the  capital  cost' 
of  the  wells,  which  would  require  aerators  and  pumps,  was  higher  than 
the  capital  cost  o<  single- purpose  reservoirs  to  supply  the  needed  qual- 
ity control  water  (see  page  Vm-9,  Public  Health  Service  report,  dated 
December  1964). 


c.  Reference  paragraph  4 - least  costly  alternative  for 
water  quality  above  Reach  M-7.  The  annual  value  of  $261,' 000  esti- 
mated by  the  Public  Health  Service  was  based  on  the  summation  of 
costs  for  incremental  pumping  requirements  to  handle  the  waste  load- 
ings which  exceed  the  assimilative  capacity  of  the  unregulated  stream 
flows,  O i.  Pumping  requirements  reflect  monthly  variations  in  the 
assimilative  capacity  of  the  unregulated  stream  flow  that  theoretically 
would  be  exceeded  95  percent  of  the  time,  as  determined  by  the 
Rainwater  method.  The  value  for  Oi  used  by  the  Public  Health  Service 
exceeds  the  corresponding  unregulated  flow  as  computed  by  the  Corps 
of  Engineers  on  a statistical  basis  by  40  to  58  percent  for  the  summer 
season,  34  to  76  percent  for  the  spring  season,  and  an  average  of  35 
percent  for  the  winter  season.  From  the  foregoing,  it  is  apparent  that 
the  use  of  the  Rainwater  method  credits  the  unregulated  stream  flow, 

Qi,  in  excess  of  the  actual  flows  for  the  corresponding  percent  chance 
of  occurrence.  Reference  is  made  to  Table  No.  VIII-5,  page  VIII- 13, 
Public  Health  Service  report,  which  indicates  that  the  summer  season 
is  critical  in  determining  the  benefits  applicable  to  water  quality  con- 
trol, whether  based  on  dilution  or  pumping  of  waste.  A reanalysis  of 
the  benefit  evaluation  was  undertaken  by  the  District  based  on  the  crit- 
ical summer  season.  Since  the  unregulated  flow,  Qi,  for  the  summer 
season  is  approximately  50  percent  too  high,  the  amount  of  waste  to  be 
pumped  would  essentially  have  to  be  doubled.  Basic  cost  data  used  by 
the  Public  Health  Service  in  its  evaluation  are  contained  in  letter  dated 
5 August  1965,  inclosure  2.  Pipeline  costs,  including  applicable  mate- 
rial and  installation,  were  estimated  to  account  for  about  75  percent  of 
the  construction  costs,  the  remaining  25  percent  being  the  cost  of  the 
pumping  station,  including  equipment.  To  handle  the  increased  waste 
load,  it  would  be  necessary  to  increase  the  pipe  size  and  double  the 
capacity  of  the  pump  installations.  Pipeline  costs  were  increased  50 
percent  and  the  pumping  station  100  percent.  Assuming  80  percent  of 
the  operation  and  maintenance  costs  applicable  to  the  cost  of  energy . 
and  20  percent  for  materials  in  the  pump  station  and  maintenance  of 
pipelines,  energy  costs  were  increased  100  percent  and  all  other  costs 
20  percent.  Based  on  the  3-1/8  percent  interest  rate  and  amortisation 
over  100  years,  discounted  benefits  applicable  to  the  alternative  of 
pumping  are  estimated  at  $377, 000  annually.  This  analysis  is  based 
on  the  same  years  of  first  need  as  indicated  by  the  Public  Health  Service, 
which  is  in  error  since  with  lesser  flow,  time-of-needs  would  be 
advanced  and  the  discouhtiag  effects  would  be  less  than  indicated. 


Based  on  the  Corps  procedures  used  in  the  Summary  Report,,  the  amount 
of  pumping  required  during  the  critical  low-flow  periods  of  record 
would  be  greater  than  indicated  in  the  above  analysis.  From  the  fore- 
going analysis,  it  is  concluded  that:  (a)  the  least  costly  alternative  for 
water  quality  control  above  Reach  M-7  is  single-purpose  reservoirs, 
as  used  by  the  Corps,  and  (b)  water  quality  atorage  provided  in 
Meramec  Park,  Union,  and  Pine  Ford  Reservoirs  is  needed  and  eco- 
nomically justified. 

d.  Reference  paragraph  5 - storage  for  water  supply  only. 
Table  7,  Attachment  2,  Summary  Report,  indicates  that  the  storage 
deficiency  for  water  supply  alone  would  be  167,  051  acre-feet  for  sub- 
basin M-7  to  meet  the  2070  needs.  In  order  to  avoid  complete  stream 
depletion,  these  requirements  were  analyzed  over  and  above  a selected 
base  flow  of  195  c.  f.  s. , being  the  minimum  flow  of  record  in  the  lower 
basin  area.  Deficiency  for  water  quality  alone  amounts  to  393,  725' 
acre-feet.  When  based  on  concurrent  demands,  the  total  deficiency  for 
both  water  supply  and  quality  control  by  the  year  2070  becomes 

1,  180,  568  acre-feet.  The  five  reservoirs  recommended  for  construc- 
tion in  the  basin  plan  are  capable  of  meeting  all  the  water  supply  needs 
to  the  year  2070  and  water  quality  needs  to  the  year  2045  in  the  lower 
basin  area.  The  adjusted  amount  of  storage  required  is  estimated  at 
430,  092  acre-feet  for  water  supply  and  190,  461  acre-feet  for  water 
quality  control.  All  the  foregoing  figures  exclude  allowance  for  evap- 
oration losses.  Since  the  alternative  of  pumping' treated  wastes  to  the 
Mississippi  River  was  found  not  to  be  the  least  costly  alternative,  as 
indicated  in  subparagraph  c above,  the  difference  in  cost  between 
167,051  acre-feet  and  430,092  acre-feet  of  water  supply  storage  can- 
not be  credited  to  this  alternative, 

e.  Reference  paragraph  6 - reservoir  storage  reduction, 
Irondalt-,  Pine  "Ford,  and  Union.  Since  pumping  of  wastes  to  the 
Mississippi  River  was  found  not  to  be  the  least  costly  alternative,  the,  v 
storage  provided  in  these  three  reservoirs  is  needed  to  serve  water 
supply  and  water  quality  demands  to  the  fullest  extent  practical  in  the 
lower  basin  area. 

f.  Reference  paragraph  7 - cost  of  storage  for  water  qual- 
ity 1-38  Reservoir.  Draft-on- storage  estimated  at  14, 900  acre-feet 
is  based  on  reservoir  releases  for  the  year  2070,  as  shown  in  Table 
No.  VXD-4,  page  VIII- 12,  of  this  Public  Haalth. Service  report. 


Storage  of  2,  500  acre-feet  estimated  by  the  Corps  represents  supple- 
mental storage  required  during  the  first  50  years,  or  to  the  year  2020. 

To  compare  this  figure  with  Public  Health  Service  values,  monthly 
releases  for  the  year  2020  needs,  as  shown  in  Table  No.  VM-4,  were 
used.  The  total  draft-on- storage  based  on  these  releases  is  estimated 
at  2,  340  acre-feet.  The  size  of  a single-purpose  reservoir  to  provide 
this  draft-on- storage  must  include  allowances  for  evaporation,  as  well 
as  sedimentation.  Using  Corps  estimates,  approximately  1,855  acre- 
feet  of  storage  would  be  required  for  evaporation  and  4,  715  acre-feet 
for  100-year  sedimentation.  Thus,  the  total  storage  required  in  a 
single-purpose  reservoir  amounts  to  8,  910  acre-feet  to  meet  the  year 
2020  requirements.  Table  2 of  Attachment  4 to  the  Summary  Report 
shows  that  9,  042  acre-feet  of  storage,  having  a reservoir  cost  of 
$4,  055,000,  would  be  required  for  Reaches  B-l  through  B-3  to  meet 
the  year  2020  needs.  Assuming  a reservoir  to  meet  the  Public  Health 
Service  draft-on- storage  of  2,  340  acre-feet  for  the  year  2020  to  hav.e  a 
comparable  cost  of  about  $4,  000,  000,  the  unit  cost  per  acre-foot  would 
be  equal  to  approximately  $1,  710.  The  Corps  allocated  unit  cost  for 
water  quality  of  $1,  060  reflects  a savings  in  project  joint  costs.  Fur- 
ther reference  is  made  to  Table  5 of  Attachment  2 to  the  Summary 
Report.  Base  storage  requirements  amounting  to  17,215  acre-feet 
would  be  needed  to  meet  the  2070  needs  at  Sullivan,  which  includes 
Reaches  B-l  through  B-3.  To  this  are  added  evaporation  requirements 
of  2,  168  acre-feet  and  4,  715  acre-feet  of  storage  for  sedimentation.  A 
single-purpose  reservoir  to  meet  the  2070  needs  would  require  a total 
capacity  of  24,  098  acre-feet.  Table  2 of  Attachment  4 to  the  Summary 
Report  shows  that  a reservoir  having  a storage  capacity  of  24,  098  acre- 
feet  would  cost  approximately  $4,  705,  000.  The  unit  cost  for  the  effec- 
tive storage  is  estimated  at  $273  per  acre-foot  ($4,  705,  000  divided  by 
17,215  acre-feet).  This  compares  with  the  $280  per  acre-foot  cited  by 
the  Board.  Attention  is  also  invited  to-  the  fact  that  the  annual  charge 
of  $73,  600,  shown  in  Exhibit  No.  12  of  the  Public  Health  Service  report, 
is  based  on  construction  costs  only  and  does  not  reflect  annual  charges 
for  operation  and  maintenance,  including  replacements.  From  the  fore- 
going analysis,  it  is  concluded  that  project  formulation,  cost  allocations, 
and  benefit  evaluations ‘for  Reservoir  1-38  are  correct  and  the  reser- 
voir is  economically  feasible. 

g.  Reference  paragraph  8 - Irondale  Reservoir.  Since 
Xrondale  Reservoir  as  formulated  in  the  Summary  Report  does  not  meet 


the  criterion  outlined  in  Section  9 of  the  Federal  Water  Project  Recre- 
ation Act,  approved  9 July  1965,  in  that  the  sum  of  allocations  to  rec- 
reation and  fish  and  wildlife  enhancement  exceeds  the  sum  of  alloca- 
tions to  other  uses,  a review  of  project  formulation  was. undertaken. 

This  reservoir  was  given  a high  priority  by  the  Bureau  of  Outdoor 
Recreation.  In  reformulation,  consideration  was  given  to  providing  as 
large  a normal  water  surface  area  as  practical.  The  total  joint-use 
storage  was  reduced  by  21, 000  acre-feet  and  the  normal  pool  area  500 
acres,  from  4,  600  to  4,  100  acres.  The  top  elevation  of  the  dam  was 
lowered  three  feet.  The  total  cost  of  the  project  is  currently  estimated 
at  $12,  900,  000.  Of  the  total  reduction  in  first  cost  of  $1,  500,  000, 

$137,  000  is  in  the  cost  of  recreation  facilities  based  on  a lesser  water 
surface  area  and  recreational  lands  and  a reduction  in  visitor-day 
attendance.  The  project  as  reformulated  would  retain  the  benefits  for 
flood  control,  water  quality  control,  and  navigation,  whereas  the  water 
supply  and  recreation  benefits  would  be  reduced.  The  benefit- cost 
ratio  for  the  project  is  estimated  at  1.  3 to  1.0  and  meets  the  criterion 
of  Section  9 of  the  Federal  Water  Project  Recreation  Act,  having  a 
ratio  of  first  costs  allocated  to  recreation  and  fish  and  wildlife 
enhancement  to  total  project  costs  of  0.  45  to  1.  Pertinent  data  on  the 
project  as  reformulated,  including  allocated  costs  and  cost  apportion- 
ment, are  contained  in  inclosure  3. 

h.  Reference  paragraph  9 - modification  of  storage  capac- 
ities in  Union  and  Pine  Ford  Reservoirs.  As  indicated  in  subparagraphs 
c and  e,  no  storage  reduction  in  these  reservoirs  is  warranted.  Fur- 
thermore, both  projects  as  now  formulated  meet  the  criterion  of  Section 
9 of  the  Federal  Water  Project  Recreation  Act. 

i.  Reference  paragraph  10  - future  water  supply  storage. 
The  Summary  Report,  Table  16,  shows  costs  to  be  repaid  for  water 
supply  storage  to  be  utilized  in  the  first  50  years  and  the  additional 
cost  for  storage  to  meet  long-term  needs  during  the  second  50-year 
period.  These  estimates  are  based  on  the  schedule  of  use  as  given  in 
Table  5 of  the  Summary  Report.  Contractual  agreements  would  be 
required  for  storage  allocated  to  water  supply  to  meet  the  demands  for 
the  first  50-year  period.  However,  only  assurance?  are  required  that 
demands  for  use  of  future  storage  would  be  made  within  a period  of 
time  which  will  permit  paying  out  the  costs  allocated  thereto  within  the 
life  of  the  project.  Since  the  storage  for  water  supply  to  be  used  during 


the  second  50-year  period  is  not  dedicated  initially,  but  converted  from 
other  interim  uses,  no  interest  charges  should  be  required  prior  to 
time  of  conversion.  Similar  provisions  are  included  in  contracts 
between  the  United  States  and  the  City  of  Paris,  Texas,  for  water  stor- 
age space  in  Pat  Mayse  Reservoir,  dated  14  January  1965,  and  between 
the  United  States  and  Trinity  River  Authority  of  Texas  for  water  stor- 
age space  in  Bardwell  Reservoir,  dated  13  May  1963.  Both  of  these 
contracts  provide  for  reimbursement  of  costs  allocated  to  initial  water 
supply  storage  and  only  assurances  for  future  water  supply  storage. 
Neither  contract  includes  interest  payment  for  future  water  supply 
prior  to  the  time  such  storage  is  first  used  for  that  purpose.  The 
Governor's  Advisory  Committee  on  Resurvey  of  the  Meramec  Basin 
expressed  the  opinion  that  provision  for  future  water  supply  storage 
should  be  included  in  the  comprehensive  plan  for  development  of  the 
water  resources  of  the  basin.  Enabling  legislation  enacted  by  the 
Legislature  will  permit  the  State  to  assume  obligations  for  water  supply 
storage  in  the  reservoirs.  To  include  provisions  for  water  supply  and 
water  quality  control  requirements  for  the  second  50-year  period  in 
the  initial  construction  is  more  economical  than  it  would  be  to  fully  or 
partially  defer  such  provisions  until  the  demand  for  such  purposes 
arises.  In  the  interim,  this  storage  is  used  to  the  maximum  extent 
practical  for  recreation,  and  local  interests  are  paying  a fair  share 
for  such  use.  In  no  case  is  the  recreational  reimbursement  for  specific 
storage,  but  rather  a cash  contribution  for  modifications  to  provide 
optimum  recreation  usage.  There  is  no  basis  for  storage  ownership, 
but  rather  a sharing  in. costs  in  relation  to  applicable  benefits,  as 
reflected  in  project  formulation.  There  is  every  reason  to  believe  that 
the  State  accepts  this  premise  and  will  sponsor  and  fulfill  the  require- 
ments for  local  participation  in  recreation, 

j.  Reference  paragraph  1 1 - cost  allocations.  Table  7 of 
Attachment  5 to  the  Summary.  Report  reflects  the  phased  supplemental 
storage  required  for  water  supply  and  water  quality,  as  derived  in 
Attachment  2;  timing  and  supplemental  storage  requirements  which 
were  the  bases  for  evaluation  and  discounting  of  benefits,  as  shown  in 
Attachment  4;  bases  for  benefits  and  applicable  increments  of  costs 
used  in  the  project  formulation,  as  shown  in  Attachment  3;  and  blocks 
of  storage  used  for  determining  dual  cost  aspects  a.nd  applicable  bene- 
fits for  euballocationa  used  in  the  reservoir  cost  allocations.  Cost 
allocations  for  Pine  Ford,  Irondale  (revised),  Union,  and  1-38  Reser- 
voirs are  contained  in  inclosure  4, 
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k.  Reference  paragraph  12  - costs  per  acre-foot  of  storage. 
The  wide  difference  in  cost  between  water  quality  storage  'and  water 
supply  storage  is  due  to  the  values  based  on  the  least  costly  alternative 
from  which  the  benefits  were  derived  and  discounting  effects  in  relation 
to  the  time  of  need.  The  value  of  both  water  supply  and  water  quality 
in  the  lower  basin  area.  Reach  M-7,  was  based  on  a single- purpose 
reservoir  (Meramec  Park),  whose  unit  construction  cost  per  acre-foot 
of  storage  is  by  far  the  cheapest  in  the  basin.  The  benefits  for  these 
needs  were  then  prorated  to  the  individual  reservoirs  in  relation  to  the 
storage  provided.  Since  in  all  cases  benefits  for  water  quality  governed 
in  the  cost  allocations,  the  unit  cost  allocated  to  water  quality  in  Reach 
M-7  proved  to  be  far  less  than  the  unit  cost  allocated  for  water  quality 
in  the  upper  basin.  Allocations  of  costs  to  recreation  reflect  the  fact 
that  the  "other"  cost  aspect  of  the  separable  cost  varies  from  a low  of 
$449  per  surface  acre  for  1-38  to  $1,  670  per  acre  for  Pine  Ford.  Sur- 
face acre  was  used  as  the  unit  measure  of  value  since  it  is  one  of  the 
more  important  criteria  for  recreational  planning.  Reservoir  1-38, 
whose  total  joint-use  stqrage  is  used  within  the  first  50  years,  carries 
the  least  applicable  unit  cost  per  surface  acre  for  the  "other"  costs. 
Delaying  construction  of  any  of  the  reservoirs  recommended  for  autho- 
rization in  the  Summary  Report  to  serve  the  water  supply  and  quality 
demands  as  the  need  arises  would  not  be  responsive  to  the  basin  needs, 
the  dominant  of  which  are  flood  control  and  recreation;  would  not  pro- 
vide for  an  equitable  distribution  of  beneficial  effects  from  the  develop- 
ments, both  in  time  and  geographic  area;  would  unquestionably  result 

in  substantial  overall  increased  costs;  and  would  be  locally  unaccept- 
able. 

l.  Reference  paragraph  13  - cost  estimates  for  angler-use 
sites.  Cost  estimates  for  angler-use  sites  have  been  reviewed  in 
accordance  with  ER  1165-2-4,  dated  12  January  1965.  Estimates  have 
been  revised  to  show  the  cost  of  lands  as  a non-Federal  responsibility. 
The  total  cost  of  the  recreational  development  now  provides  for  equal 
distribution  of  costs  between  Federal  and  non-Federal  interests,  as 
shown  in  inclosure  5. 

m.  Summary  - general  plan.  In  project  formulation  for  the 
basin  plan,  consideration  was  given  to  a number  of  factors,  the  more 
significant  of  which  are  stated  below: 


(1)  Basin  needs  are  based  on  100-year  projections, 


1970-2070. 


(2)  The  dominant  needs  in  the  basin  are  flood  control 
and  recreation. 

(3)  Reservoir  sites  to  satisfy  major  segments  of  the 
widespread  needs  are  limited.  ' 

(4)  Additional  capacity  to  meet  future  needs  is  included 
initially  in  reservoirs  where  such  can  be.  accompli  shed  at  significant 
savings  over  subsequent  enlargement. 

(5)  Storage  requirements  for  water  supply  and  water 
quality  control  are  based  on  demands  furnished  by  the  Public  Health 
Service. 

(6)  Draft- on- storage  and  the  value  of  such  storage  fur- 

nished by  the  Public  Health  Service  are  not  representative  of  operational 
requirements  needed  to  meet  the  concurrent  demands  over  the  critical 
periods  of  record.  \ 

\ ccrW1'' 

n.  Conclusion,  "^pae rid  pn  of  the  criteriy^ited 

in  subparagraph  m above, ^the  general  plan  of  basin  development  as 
proposed  in  the  report  is  properly  formulated,  and  will  provide  for  the 
best  use  or  combination  of  uses  of  water  and  related  land  resources  to 
meet  all  foreseeable  short-  and  long-term  needs  in  the  basiiu  Meramec 
Park,  Union,  Pine  Ford,  Xrondale,  and  1-38  Reservoirs,  proposed  for 
authorisation  and  construction,  are  required  to  meet  the  immediate 
demands  in  the  Meramec  River  Basin  at  this  time. 
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CRITIQUE  OF  RAINWATER  METHOD  FOR  EVALUATION 
OF  WATER  SUPPLY  AND  QUALITY  CONTROL  NEEDS 


1.  REFERENCES 

a.  Staff  paper  prepared  by  Mr.  Frank  H.  Rainwater,  Physical 
Science  Administrator,  Technical  Science  Branch,  Division  of  Water 
Supply  and  Pollution,  Department  of  Health,  Education,  and  Welfare, 
entitled  "Hydraulic  Facts  Needed  for  Studies  of  Flow  Regulations  for 
Stream  Quality  Control,"  presented  at  a symposium  on  stream  flow  regu- 
lation for  quality  control  at  Cincinnati,  Ohio,  3-5  April  1963. 

b.  Paper  prepared  by  Mr.  Frank  H.  Rainwater,  entitled  "Hydrologic 
Aspects  of  Analysis  of  Flow  Regulation  Requirements  for  Quality  Control." 

c.  Report  submitted  by  Region  VI,  Public  Health  Service,  Kansas  . 

City,  Missouri,  entitled  "Water  Resources  Study,  Meramec  River  Basin, 
Missouri,"  dated  February  1964.  This  study,  since  revised,  indicated 
potential  needs  and  value  of  water  storage  for  municipal,  industrial, 
and  quality  control  purposes.  , 

2.  BACKGROUND 

* 

a.  Critique  of  paper  "Hydraulic  Facts  Needed  for  Studies  of 
Flow  Regulations  for  Stream  Quality  Control."  The  following  points 
were  presented  in  the  paper: 

(1)  The  hydraulic  analysis  for  .flow  regulations  study  is 
a four-step  procedure  which: 

(a)  Describes  the  present  annual  stream  flow  and 
quality  characteristics  In  terms  of  typical  companion  hydrographs 
having  selected  average  recurrence  intervals. 

(b)  Projects  future  stream. flow  and  quality  character- 
istics that  would  exist  under  projected  water  use  and  management  in 
year(e)  "X"  without  flow  regulations. 

(c)  Computes  the  regulated  stream  flow  regimen  needed  ' 
in  yeer(s)  "X"  to  meet  the  quality  objectives. 

i 

(d)  Schedules  the  flow  regulation  needs.  Including 
probable  monthly  distributions,  over  the  life  of  the  proposed  structure. 


(2'  The  responsibility  involved  in  a flow  regulation 
study  is  to  control  stream  quality,  not  to  maintain  a stream  flow. 

Hence,  maintenance  of  a constant  minimum  stream  flow  is  not  the 
most  efficient  answer  to  quality  control.  Maximum  regulation  demands 
do  not  necessarily  coincide  in  time  with  either  minimum  stream  flows 
or  maximum  concentrations  of  pollutants < For  example,  the  process 
of  counteracting  .a  BOD  load  Imposed  on  a stream  involves  the  oxygen 
concentration  of  receiving  water,  the  reaction  rate  (deoxygenation), 
and  reaeration  factors  - each  of  these  is  temperature  sensitive. 

Hence,  the  stream  flow  requirement  is  dependent  partially  on  temper- 
ature. In  mineral  quality  control,  the  tons  of  mineral  to  be  diluted 
may  be  less  at  minimum  flow,  or  maximum  concentrations,  than  at  some 
higher  flow.  As  is  evident  from  the  nature  of  the  problem,  its 
solution  is  approached  through  a chain  of  dependent  sequential 
analytical  treatments  of  facts  and  figures.  Probably  the  most  signifi- 
cant deficiency  (knowledge)  lies  in  the  realm  of  interrelating  water 
quality  and  stream  flow.  Stream  quality  and  stream  discharge  are 
inseparable  in  these  studies.  For  the  purposes  of  analysis,  each 
event  in  the  past  and  future  time  series  of  events  comprising  stream 
behavior  has  two  dimensions  - quantity  of  flow  and  concurrent  quality. 
One  objective  of  flow  regulation  for  quality  control  is  satisfactory 
concentration  of  waterborne  material,.  Knowledge  of  stream  flow 
characteristics  is  of  little  use  unless  it  can  be  associated  closely 
with  attendant  stream  qualities.  With  respect  to  stream  flow  alone, 
information  available  on  the  low-flow  characteristics  is  weak  in  both 
national  coverage  and  validity.  Low  flows  are  extremely  sensitive  to 
effects  of  geology,  land  use,  and  man's  modification  of  the  hydrologic 
regimen.  Interstation  correlation  and  regional  analysis,  so  useful 
in  flood  frequency  analysis,  are  only  of  limited  use  in  low-flow  studies. 
Time-of- travel  data  and  velocity  profiles  of  low-flow  conditions  are 
needed  to  route  pollution  loads,  to  position  oxygen  sags  along  the 
stream,  and  to  predict  sludge  deposition  and  scour.  Such  data  ere 
virtually  non-existent  nationwide. 

(It  should  be  noted  that  in  conjunction  with  the 
Meraraec  Basin  Study,  two  reports  undertaken  by 
separate  agencies  were  available  for  use  in  this 
phase  of  analysis.  One  was  an  "open-file  report" 
prepared  by  the  U.  S.  Goo logical  Survey,  Water 
Resource  Division,  Rolls,  Missouri,  on  the  Keramec 
River  Basin.  This  was  a low* water  study  covering 
the  period  24  September  through  1 October  1953. 

Because  of  existing  drought  conditions  and  apparent 
low-water  discharges,  a low-water  study  of  the 
basin  was  mads  involving  numerous  discharge  measure- 
ments and  observations . The  study  waa  made  for  the 
following  purposes:  to  better  determine  the  distri- 
bution of  the  base  flow  In  the  basin;  to  determine 


the  gain  or  loss  of  water  between 
various  points  In  the  basin;  to  com- 
pare the  flow  during  this  drought  with  the 
previous  low  flows  of  record  at  the  gaging 
statlona;  and  to  have  on  record  a better 
coverage  concerning  the  low  flows  in  the  basin. 

The  second  study,  prepared  by  the  Missouri 
Water  Pollution  Board  in  1963-64  contained 
detailed  data  from  sampling  stations  estab- 
11 shad  to  determine  the  utilisation  of  water 
resources;  biological  data;  and  bacteriological, 
chemical,  physical,  as  well  as  flow  information 
for  the  streams  within  the  basin.) 

(3)  Since  flow  regulation  studies  are  recognized  as  fore- 
casts, statistical  treatments  of  data  are  useful  tools  in  a time 
aeries,  such  as  historic  stream  flows.  The  size  of  the  sample  may 
be  equated  with  the  number  of  years  of  the  record.  Zn  theory  then, 
the  longer  the  period  of  record,  the  better  the  estimate.  In  practice, 
this  is  not  necessarily  true  because  man  is  changing  the  statistical 
population  from  which  the  sample  is  drawn.  Regulation,  diversion, 
and  increased  consumptive  use  are  continually  changing  the  water 
quality  regimen  of  streams.  The  water  quality  regimen  responds  to 
changes  in  flow  regulation  and  also  to  man's  use  of  water  to  transport 
wastes.  Factors  affecting  changes  are: 

(a)  Data  obsolescence,  the  effects  of  which  are 
particularly  pronounced  in  low  flows.  This  problem  of  obsolescence 
has  several  consequences  in  flow  regulation  studies.  The  hydrologists 
may  be  seriously  misled  by  published  low-flow  frequency  data  compiled, 
unadjusted,  from  the  historic  record.  Usually,  such  data  require 
considerable  reworking  before  they  can  be  used  with  confidence. 

(b)  Stream  depletion  is  another  very  important  aspect 
of  obsolescence.  To  fulfill  its  responsibility  in  making  recommenda- 
tions to  the  Federal  construction  agencies,  the  Public  Health  Service 
swst  base  its  analysis  of  regulation  needs  on  future  depleted  or 
modified  stream  flows.  The  flow  to  be  augmented  20  or  30  years  hence 
will  not  be  the  same  flow  measured  now,  but  rather  a stream  depleted 
by  the  existing  water  use  and  management.  What  is  needed  are  accurate 
projections  of  depletion  and  other  modifications.  Regardless  of  the 
nature  of  the  consumptive  user,  30  to  40  percent  of  the  water  with- 
drawn in  the  United  States  is  lost  from  the  supply.  No  stretch  of 
the  imagination  is  required  to  see  that  future  depletions  will  make 
increasing  inroads  on  the  static  available  supply. 


b.  Critique  of  paper  "Hydrologic  Aspects  of  Analysis  of 
Flow  Regulation  Requirements  for  Quality  Control/*  This  paper 
outlines  the  approach  to  approximate  "present  and  projected  needs 
for  stream  flow  regulation  (draft-on-storage)  for  quality  control 
independent  of  other  proposed,  predicted,  and  as  yet  unestablished 
or  authorised  usee  of  stream  and  reservoir  storage."  The  following 
points  were  made: 

(1)  Mr.  Rainwater's  analytical  method  is  designed  to 
answer  three  questions: 

(a)  To  establish  the  need  and  the  amount  of  water 
releases  from  the  reservoir  for  stream  quality  control. 

(b)  To  establish  if  the  flow  at  the  reservoir  site 
(and  load  center)  is  equal  or  exceeds  the  necessary  releases,  or 
whether  draft-on-storage  (stream  flow  regulation)  is  required  to 
meet  the  necessary  releases. 

(c)  If  draft-on-storage  is  needed,  how  much  water 
is  to  be  stored  each  year  for  quality  control. 

e 

(2)  The  analytical  procedure  is  divided  into  four  steps: 

(a)  Describe  the  base  system  in  terms  of  quality  and 
stream  flow.  This  base  system  reflects  the  effects  of  existing  and 
authorised  water  uses,  permissible  waste  loadings,  and  flow  modifi- 
catlone. 

(b)  Superimpose  projected  increases  in  waste  loadings, 
water  uaea,  depletions,  etc.,  to  change  the  stream  quality  and/or 
flow  of  the  base  syatea.  The  projected  systems  are  described  in 
terms  of  quality  and  atream  flow. 

(c)  Compute  the  reservoir  releases  snd  net  draft-on- 
storage  as  required  to  awdlfy  the  projected  system  to  meet  the  quality 
criteria. 

(d)  Adjust  net  draft-on-storage  as  required  to  com- 
pensate for  problems  of  synchronisation  of  ralaaaes  and  downstream 
needs  and  conveyance  losses.  This  suggested  regulation  is  termed 
recommended  annual  draft-on-storage. 


(3)  Establishment  of  the  base  system  involves  establishing 
a network  of  flow  and  quality  conditions  without  flow  regulation  for 
quality  control.  It  Includes  establishing  in  logical  downstream 
sequence  the  hydrologic  and  established  or  authorized  water  use  and 
management  components  affecting  quality,  and  the  locations  in  the 
system  where  stream  deficiencies  for  quality  control  are  to  be  com- 
puted. To  compile  quantity  and  quality  data  for  the  component  of 
the  base  system,  the  analyst  must  draw  a representative  sample  of 
the  possible  events  that  could  occur.  Although  there  are  numerous 
ways  of  drawing  such  a sample,  a convenient  and  effective  way  Is  to 
array  unpredictable  events  by  magnitude;  divide  them  into  a conveni- 
ent number  of  strata  (groups);  and  take  the  median  of  each  group  as 
representative  of  that  group.  Such  a sample  adequately  describes  the 
array  of  probable  events,  and  each  item  in  the  sample  has  an  equal 
chance  of  occurrence  in  any  one  year.  Usually,  five  strata  will 
suffice,  with  their  respective  median  taken  as  the  event  having 
exceedence  probabilities  of  0.1,  0.3,  0.S,  0.7,  and  0.9.  The  pro- 
cedure is  as  follows: 

(a)  As  a first  step,  low-flow  frequency  graphs  of 
annual  mean  stream  flows  at  the  critical  points  in  the  study  area  are 
constructed.  Annual  means  based  on  climatic  year  (Aprl 1-March)  are 

a little  better  for  regulation  studies  than  annual  water-year  means 
(October-September) . 

(b)  Typical  monthly  distribution  of  annual  uncontrolled 
runoff  is  determined.  The  suggested  procedure  involves  selecting  a 
gaging  station  that  has  a reasonably  long-term  record  and  is  representa- 
tive of  the  aree  under  study;  establish  the  median  monthly  flow  for 
each  sK>nth;  and  compute  the  distribution  of  median  monthly  means  as 

a ratio  to  annual  mean  flows. 

(c)  Determine  the  necessary  quality  and  stream  flow 
inputs  to  the  base  system. 

(d) ‘  Assemble  the  data  on  projected  Increases  in  waste 
loading,  stream  depletions,  etc.,  over  and  above  those  reflected  in 

the  base  system. 

(e)  Compute  the  necessary  base  system  flow  and  quality 
data  for  critical  points. 

(f)  Project  flow  and  quality  needs  st  the  critical  points. 


(g)  Determine  reservoir  releases  to  meet  quality  needs 
at  critical  periods. 

(h)  Compute  draft -on-storage  required  (A,  ■ Q0  - Q^) . 

(4)  In  his  discussion,  Mr.  Rainwater  claims  that  presenta- 
tion of  stream  flow  regulation  needs  in  terms  of  annua  1 /\  has 
several  desirable  attributes.  It  gives  the  quantity  of  water  needed 
in  storage  that  should  be  available  each  year  to  control,  when  needed, 
stream  quality.  As  such,  it  embodies  the  concept  of  "flow  regulation 
for  quality  control,  including  monitoring  and  control  mechanics  in 
contrast  to  maintaining  some  prescribed  flow  regimen."  Thus,  in 
water-short  areas,  water  would  not  be  wasted  by  releases  when  not 
needed.  The and  the  attendant  benefits  can  be  moved  by  the  con- 
struction agencies  from  one  reservoir  site  to  another  having  comoarab le 
quality  of  releases  or  divided  among  several  reservoir  sites.  This 
Knowledge  of  where  and  how  much  draft -on-storage  is  needed  in  the  basin 
gives  the  construction  agencies  some  flexibility  and  direction  in 
developing  future  site  studies. 

3.  EXPLANATION  OF  RAINWATER  METHOD 

e 

The  following  is  an  explanation  of  the  Rainwater  method,  as 
utilised  by  Region  VI,  Public  Health  Service,  in  its  work  for  the 
St.  Louis  District  study  on  Meramec  River  Basin,  Missouri.  The  Public 
Health  Service  in  its  analysis  first  established  the  base  system  by 
dividing  the  basin  into  sub-basins  that  reflect  hydraulic  aspects  and 
flow  control.  Sub-basins  selected  were: 

i 

a.  Upper  basin. 

(1)  Big  River  Sub-basin. 

(2)  Upper  Haramec  River  Sub-basin. 

(3)  Bourbeuse  River  Sub-basin. 

b.  Lower  basin,  which  consisted  solely  of  the  lower  portion  of 

the  Meramec  River. 

lech  sub-baaln  was  then  divided  into  reaches  of  analysis  and  further 
broken  down  into  load  centers.  These  load  centers  were  points  that 
were  selected  to  reflect  sources  of  induced  pollutants  and  were  rep- 
resentative of  selected  population  distribution  centers.  The  present 
characteristics  of  the  load  centers  wars  then  defined  in  terms  of  pop- 
ulation end  mater  usage,  expressed  in  terms  of  gallons  per  capita  per 
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day.  This  gave  a representation  of  the  induced  pollutant  load  that 
would  have  to  be  es a indie ted  by  the  stream,  assuming  primary  and 
aecondary  treatment  in  place.  Projections  were  then  made  of  the 
anticipated  population  growth  in  all  parts  of  the  basin  on  a time- 
phaae  baa la.  In  conjunction  with  these  population  extrapolations. 
Increased  expected  water  use  was  also  projected  within  the  limits 
of  the  projections  made  by  the  U.  S.  Senate  Select  Coomdttee.  The 
product  (population  tlmea  water  uaage  per  capita)  of  these  projec- 
tions gave  a basis  for  anticipated  pollutant  loads  that  were  sub- 
sequently modified  by  Anticipated  mineral  and  organic  pollutants  to 
be  anticipated  from  the  industrial  and  rural  aspects  of  the  basin. 

To  determine  water  quality  requirements , the  Public  Health  Service 
first  determined  the  water  supply  (MSI)  requirements  and  assumed 
that  these  demands  were  met  and  in  place.  The  total  water  quality 
flow  requirements  (Qt)  were  determined  as  the  stream  flow  required 
to  provide  the  necessary  dilution  to  obtain  a stream  quality  equal 
to  5 parts  per  million  BOO.  Its  determination  was  based  on  the 
assumption  that  primary  and  secondary  treatment  had  been  provided 
the  waste  effluent  at  the  discharge  point  or  load  centers.  To 
determine  the  required  stream  flow  ((^J  necessary  to  meet  the  total 
flow  requlreamnts , the  following  formula  was  used:  • Qt  - Qr. 

Qt  was  furnished  on  a 'seasonal  basis,  which  recognised  a temperature 
sensitive  aspect,  and  was  established  in  relation  to  water  temperature 
In  the  case  of  the  Msraswc  Basin  study,  seasonal  breakdowns  were: 
a stmaser  season  of  four  months  - June,  July,  August,  and  September; 
a spring  and  fall  season  of  five  months  - March,  April,  May,  October, 
and  November;  and  a three-month  winter  season  - December,  January, 
and  February.  The  return  flow,  Q_,  represents  a portion  of  the  M&I 
water  returned  to  the  stream  at  tne  selected  load  center,  and  can  be 
either  a positive  or  negative  quantity,  depending  upon  its  source. 

In  the  case  of  the  Meraawc  study,  the  return  flow,  Qr,  was  a sub- 
tractive quantity  since  the  Public  Health  Service  assumed  that  the 
MU  waters  in  the  upper  basin  came  from  underground  water  sources 
that  were  Independent  of  stream  flows,  l.e.,  induction  of  flows  from 
an  outside  water  source  independent  of  stream  flows.  The  return  flow 
was  assumed  constant  for  all  three  seasons,  recognising  a time-lag 
aspect.  Baaed  on  the  above,  the  required  stream  needs,  Q_ , were 
determined  for  each  load  center  for  the  time  periods  involved  in 
each  analysis.  Ones  these  demands  were  established,  they  were  con- 
verted from  gpm  to  c.f .s.  The  Public  Health  Service  then  determined 
the  amount  of  supplemental  storage  that  would  have  to  be  furnished 
by  the  use  of  tha  formula  Qp  * Qf  "A,,  where: 
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day.  This  gave  a representation  of  the  induced  pollutant  load  that 
would  have  to  be  asaimilated  by  the  stream,  assuming  primary  and 
aecondary  treatment  in  place.  Projections  were  then  made  of  the 
anticipated  population  growth  in  all  parts  of  the  basin  on  a time- 
phase  basis.  In  conjunction  with  these  population  extrapolations, 
increased  expected  water  use  was  also  projected  within  the  limits 
of  the  projections  made  by  the  U.  S.  Senate  Select  Committee.  The 
product  (population  times  water  usage  per  capita)  of  these  projec- 
tions gave  a basis  for  anticipated  pollutant  loads  that  were  sub- 
sequently modified  by  anticipated  mineral  and  organic  pollutants  to 
be  anticipated  from  the  industrial  and  rural  aspects  of  the  basin. 

To  determine  water  quality  requirements,  the  Public  Health  Service 
first  determined  the  water  supply  (MSI)  requirements  and  asaumed 
that  theae  demands  were  met  and  in  place.  The  total  water  quality 
flow  requirement8  (Qt)  were  determined  as  the  stream  flow  required 
to  provide  the  necessary  dilution  to  obtain  a stream  quality  equal 
to  5 parts  per  million  BOD.  Its  determination  was  based  on  the 
assumption  that  primary  and  secondary  treatment  had  been  provided 
the  waste  effluent  at  the  discharge  point  or  load  centers.  To 
determine  the  required  stream  flow  (Q^  necessary  to  meet  the  total 
flow  requirements,  the  following  formula  was  used:  Qq  * Qt  - Qr. 

Qc  was  furnished  on  a 'seasonal  basis,  which  recognized  a temperature 
sensitive  aspect,  and  was  established  in  relation  to  water  temperature. 
In  the  case  of  the  Meramec  Basin  study,  seasonal  breakdowns  were: 
a sumner  season  of  four  months  > June,  July,  August,  and  September; 
a spring  and  fall  season  of  five  months  - March,  April,  May,  October, 
and  November;  and  a three-month  winter  season  - December,  January, 
and  February.  The  return  flow,  Q_,  represents  a portion  of  the  M&I 
water  returned  to  the  stream  at  the  selected  load  center,  and  can  be 
either  a positive  or  negative  quantity,  depending  upon  its  source. 

In  the  case  of  the  Meramec  study,  the  return  flow,  Qr,  was  a sub- 
tractive quantity  since  the  Public  Health  Service  assumed  that  the 
Mbl  waters  in  the  upper  basin  came  from  underground  water  sources 
that  were  independent  of  stream  flows,  i.e.,  induction  of  flows  from 
an  outaide  water  source  independent  of  stream  flows.  The  return  flow 
was  assumed  constant  for  all  three  seasons,  recognising  a time-lag 
aspect.  Baaed  on  tha  above,  the  required  stream  needs,  Q_,  were 
detenained  for  each  load  center  for  the  time  periods  involved  in 
each  analysis.  Once  these  demands  were  established,  they  were  con- 
verted from  gpm  to  c.f.a.  Tha  Public  Health  Service  then  determined 


the  amount  of  supplemental  storage  that  would  have  to  be  furnished 
by  the  use  of  tha  formula  Qo  " Qi  *A|(  where: 
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According  to  Mr.  Rainwater,  these  flows  are  representative  of  the 
typical  monthly  distribution  of  annual  uncontrolled  runoff  (see  sub- 
paragraph  2b(3)(b)).  Shown  at  che  end  of  line  1 is  the  annual  or 
yearly  mean  of  the  median  flows.  This  was  determined  by  summating 
the  median  monthly  flows  and  dividing  by  12.  Line  2 shows  the  ratio 
of  the  individual  monthly  median  flows  to  the  annual  or  yearly  mean 
of  median  monthly  flows.  Line  3 shows  the  annual  flow  at  the  Eureka, 
Missouri,  gage  that  has  a 5 percent  probability  of  occurrence.  This 
5 percent  probability  flow  was  selected  from  an  analysis  by  Public 
Health  Service  of  the  lower  portion  of  a low-flow  duration  curve 
drawn  for  Eureka,  Missouri,  gage,  and  was  equal  to  1,320  c.f.s.  for 
water  quality.  Line  4 represents  the  theoretical  monthly  flow  having 
a 5 percent  probability  of  occurrence  (Q^)  . This  theoretical  monthly 
flow  was  computed  by  multiplying  the  ratio  shown  in  line  2 times  the 
annual  flow  at  Eureka  for  the  corresponding  probability.  Shown  in 
parentheses  is  a theoretical  monthly  flow  for  2 percent  probability 
(water  supply).  Accordingly,  by  use  and  definition,  the  Q.  shown  in 
line  4 for  each  month  represents  the  uncontrolled  stream  flow  that 
would  occur  95  percent  of  the  time  (water  quality)  or  98  percent  of 
the  time  (water  supply)  for  the  load  center  or  reach  of  stream  under 
consideration. 


b.  Part  B.  Shown  in  Part  B are  che  computations  usee  tc  ^eter- 

( mine  supplemental  storage  required  for  water  quality  control  in  a 

reservoir  located  upstream  from  the  reach  studied.  This  annua  i require- 
ment, referred  to  as  "draft-on-storage,"  was  computed  by  the  for  ula 
As  ■ Qq  - Q*.  Line  1 shows  the  monthly  flow  (Q0) , on  a seasons ~ be.  is, 
needed  to  maintain  a BOD  stream  requirement  of  5 parts  per  million. 

Line  2 shows  the  theoretical  flow  requirements  (Q.)  computed  in  Part 
A above.  Line  3 shows  the  draft-on-storage  for  the  climatic  year. 

In  this  example,  the  stream  theoretically  required  supplementation  by 
reservoir  for  only  three  months  during  the  climatic  year.  Total 
requirements  equal  1,492  c.f.s.  for  three  months  in  a year.  Storage 
was  computed  as  equal  to  1,492,  the  monthly  flow  deficiency,  times 
30  days  per  month,  times  2 acre-feet  per  c.f.s.  or  a total  of  90,000 
acre-feet  supplemental  storage  required. 

c.  Part  C . Shown  in  Part  C are  statistical  data  prepared  by  the 
St.  Louis  District,  based  on  42  years  of  record  for  the  Eureka,  Missouri, 
gage.  The  mean  monthly  discharges  for  each  month  in  each  year  of  record 
studied  were  arrayed  in  descending  order  of  occurrence.  .Based  on  this 
information,  curves  were  drawn  and  percent  chance  of  occurrence  on  a 
probability  basis  was  established.  (See  Table  2).  Lina  1 of  Part  C 
shows  the  average  or  mean  monthly  flow.  Line  2 shows  the  median  (50 
percent)  of  the  mean  monthly  flows.  Line  3 shows  the  statistical 
monthly  flow  having  a 95  percent  chance  of  occurrence.  Line  4 shows 

the  statistical  monthly  flow  having  a 98  percent  chance  of  occurrence. 

o 
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d.  Part  D.  Part  D shows  the  effects  on  draft-on-storage 
required  when  utilizing  the  same  stream  flow  requirements  (Q0) , but 
a revised  uncontrolled  stream  flow  having  95  percent  chance  of 
occurrence  from  a statistical,  rather  than  a theoretically  computed, 
basis.  Draft-on-storage  required  (4j>8)  is  approximately  twice  that 
computed  by  the  Rainwater  method . 

5 . DISCUSSION  OF  RAINWATER  METHOD 

There  are  several  aspects  of  the  methodology  that  are  questionable 
when  applied  to  basin  analysis  and  reservoir  operation.  These  the- 
oretical points  are  discussed  briefly  below. 

a.  Probability  aspect.  Mr.  Rainwater's  method  purports  to  deter- 
mine the  present  unregulated  flow  for  each  month  that  has  a 95  percent 
chance  of  occurrence.  It  is  claimed  (see  subparagraph  2b(j))  that  the 
monthly  median  flow  is  characteristic  of  tho  annual  flow  distribution 
pattern  of  the  stream,  and  by  use  of  a ratio  of  medians,  the  annual 
flow  for  any  degree  of  protection  can  be  redistributed  and  converted 
into  a monthly  limit.  Analysis  has  indicated  that  for  a stream  that 
has  erratic  flow  characteristics,  the  use  of  medians  is  not  applicable. 
It  is  felt,  however,  that  .the  use  of  medians  may  be  applicable  when 

a stream  is  partially  controlled  or  when  a stream  has  very  little 
year-round  flow  fluctuation.  It  should  be  stressed  that  the  method- 
ology is  keyed  to  determine  the  unregulated  flow  having  a 95  percent 
chance  of  occurrence  for  each  month.  Thus,  it  is  apparent  that  the 
monthly,  not  the  annual  or  yearly,  flow  pattern  is  the  controlling 
element  for  determining  draft-on-storage.  It  is  suggested  that  in 
lieu  of  using  the  median  approach,  an  analysis  of  each  monthly  flow 
should  be  made,  similar  to  that  undertaken  by  the  St.  Ix>uis  District 
office.  A statistical  analysis  based  on  an  array  of  occurring  flows 
listed  in  descending  order  should  be  made  and  the  monthly  flow  for 
the  particular  degree  of  protection  desired  be  determined. 

b.  Length  or  duration  of  low-flow  period.  The  Rainwater  method- 
ology determines  only  the  amount  of  base  or  supplemental  storage 
required  for  a climatic  year.  No  attempt  has  been  made  to  recognize 
an  extended  low-flow  period  similar  to  that  experienced  in  the  Meramec 
Basin  for  the  period  1952  to  1957.  Reference  is  made  to  Bulletin  51, 
State  of  Illinois  Department  of  Registration  and  Education,  entitled 
"Low  Flows  of  Illinois  Streams  for  Impounding  Reservoir  Design,"  pub- 
lished by  the  Illinois  State  Water  Survey,  1964.  The  following 
information  concerning  low-flow  series  is  contained  in  the  publication: 


"Past  experience  in  analysing  the  1952-55  drought 
in  Illinois  revealed  chat  impounding  reservoirs  in 
Illinois  are  frequently  under  craft  and  drawdown 
for  periods  in  excess  of  one  year  and  may  possibly  be 
subject  to  drawdowns  for  as  long  as  five  years.  For 
this  reason  it  was  necessary  that  the  series  of  low 
flow  events  be  selected  in  a manner  not  restricted 
to  the  annual  fluctuations  of  runoff.  A partial 
duration  series  of  lew  flow  events  was  selected 
as  being  most  flexible  and  meaningful  in  this  type 
of  analysis.  However,  the  partial  series  was 
selected  only  after  intensive  study,  comparison, 
and  evaluation  of  both  the  partial  series  and  the 
more  common  and  more  easily  interpreted  annual 
series.  . ." 

The  adequacy  of  storage  (draft-on-storage)  recommended  in  the  Public 
Health  Service  report,  dated  February  1964,  for  water  quality  control 
only  was  analyzed  by  the  St.  Louis  District  office  for  the  period  of 
record  1922  to  1959,  using  the  actual  daily  flows  at  the  Eureka, 
Missouri,  gage.  Using  the  Public  Health  Service  seasonal  stream  flow 
requirements  (monthly  Q0) , it  was  found  that  the  90,000  acre-feet  of 
supplemental  storage  was  insufficient  to  meet  the  demands  at  least  13 
out  of  the  38  years  of  record  studied.  Analysis  indicated  that  once 
the  storage  was  depleted,  the  only  available  flow  was  inflow  from  the 
drainage  area  above  the  control  point.  However,  the  lengths  of  some 
of  these  low-flow  periods  were  of  such  magnitude  as  to  prevent  complete 
reservoir  refilling.  Consequently,  a succession  of  drought  years  pre- 
vented the  reservoir  from  providing  low-flow  regulation  95  percent  of 
the  time . 

c.  Probability  versus  frequency  of  occurrence.  It  has  been 
noted  that  the  Public  Health  Service  uses  the  expressions  "95  percent 
chance  of  occurrence"  and  "5  percent  probability"  interchangeably. 

Use  of  the  95  percent  chance  of  occurrence  means  that  in  application 

of  a low-flow  duration  curve,  the  selected  flow  is  equalled  or  exceeded 
95  percent  of  the  time  for  the  period  of  record  used.  This  does  not 
necessarily  have  any  relationship  to  a 5 percent  probability  or  a flow 
that  is  equal  to  or  less  than  that  experienced  once  every  20  years. 

d.  Future  stream  depletion.  As  was  brought  out  in  subparagraph 
2a (3)  (b) , analysis  of  regulated  needs  should  be  based  on  future  de- 
pleted or  modified  stream  flows  (Q^) . The  flow  to  be  augmented  in 
the  future  will  not  necessarily  be  the  same  flow  measured  now,  but 
will  be  depleted  by  the  then  existing  water  use  and  management.  The 


Rainwater  method,  as  used  by  the  Public  Health  Service  Regional 
Office,  determined  a typical  monthly  distribution  of  annual  uncon- 
trolled runoff  (Q^)  and  used  it  as  a constant  for  all  future  time 
periods.  As  far  as  could  be  ascertained,  the  flow  requirements 
Qt>  Qr»  and/or  Q0  were  not  modified  to  reflect  factors  of  future 
stream  depletion.  Consequently,  storage  requirements  for  future 
needs  would  not  be  sufficient  when  viewed  from  anticipated  future 
stream  depletion. 

e.  Data  obsolescence.  Allied  to  the  problem  of  future  stream 
depletion  is  data  obsolescence  (see  subparagraph  2a  (3)  (a)).  Refer- 
ence is  made  to  the  open-file  report  prepared  by  the  U.  S.  Geological 
Survey.  This  low-water  study,  covering  the  period  24  September  through 
1 October  1953,  brought  out  the  fact  that  the  flows  in  the  Big  River 
were  far  above  average  for  the  basin  due  to  the  effect  of  waste  being 
discharged  into  the  stream  from  the  then  existing  mining  operations. 
Since  then,  mining  operations  have  decreased  and  the  use  of  historic 
data  unmodified,  as  was  done  in  relation  to  the  Meramec  Basin  report 

by  the  Public  Health  Service,  would  provide  insufficient  amounts  for 
water  quality  control. 

f.  Minimum  control.  The  Rainwater  methodology  provides  supple- 
mental flow  requirements  to  maintain  a BOD  count  of  5 parts  per  million 
on  an  annuel  basis  and  monthly  control.  It  is  questionable  whether 
supplementing  flows  having  a 95  percent  chance  of  occurrence  are  suffi- 
cient. Because  of  the  extended  low-flow  periods  now  being  experienced, 
it  is  suggested  that  a minimum  flow  limitation  be  provided.  Assuming 
the  Public  Health  Service  criterion  is  to  avoid  criticism  for  providing 
excessive  storage  for  augmentation,  a minimum  limit  related  to  a safe 
BOD  count,  e.g.,  three  parts  per  million,  should  be  provided  as  a 
critical  low  with  time  (days)  limitations  if  needed  so  that  absolute 
stream  regulation  can  be  maintained.  Knowing  how  long  the  lower  BOD 
limit  could  be  maintained  without  any  serious  complications  to  the 
public  safety  would  be  helpful  in  routing  the  demands  against  any  mass 
curve  modified  to  the  critical  load  center  under  study. 

*•  U*£_  of  same  base  natural  flow.  Mr.  Rainwater  has  maintained 

that  his  draft -on-storage  is  the  amount  of  storage  to  be  provided  by 
the  construction  agencies.  However,  where  there  is  a need  for  both 
water  supply  and  water  quality  control  in  the  same  reach,  he  has  ana- 
lysed theee  demands  (Q^  separately,  utilizing  the  same  natural  flow 
os  a base  (Qj)  to  compare  his  demands.  As  a result,  storage  require- 
ments for  the  combined  demands , as  estimated  by  the  Corps,  are  far 
treater  than  the  sum  of  storage  provided  for  both  the  Individual 
demands  when  analysed  separately  over  the  same  natural  base  flow. 


h.  Degree  o:  flow  guaranteed.  The  Regional  Office  of  the 
Public  Health  Service  indicated  that  the  selected  flow  (Qi)  repre- 
senting the  unregulated  stream  flow  varied  with  the  purpose  under 
study.  In  the  case  of  stream  regulation  for  water  quality  control, 
a stream  flow  (Q^  having  a theoretical  frequency  of  occurrence  of 
95  percent  was  used.  In  the  case  of  water  supply,  the  frequency  of 
occurrence  selected  was  98  percent.  Several  questions  have  arisen 
in  conjunction  with  this  degree  of  flow; 

(1)  In  a reach  where  both  water  supply  and  water  quality 
control  are  required,  which  percent  frequency  of  occurrence  governs? 

(2)  Local  interests  have  indicated  a desire  for  guaranteed 
water  supply,  at  least  as  pertains  to  the  maximum  deficiency  during 
the  period  of  record.  Since  water  supply  is  a reimbursable  cost,  it 
is  questioned  as  to  why  frequency  of  occurrence  of  less  than  the  maxi- 
mum deficiency  of  the  period  of  record  was  selected. 

6.  VIEWS  OF  ST.  LOUIS  DISTRICT 
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Review  of  the  Rainwater  methodology  used  by  the  Public  Health 
Service  to  determine  supplemental  needs  and  applicable  values  or 
benefits,  for  either  water  supply  and/or  water  quality,  has  led  to 
the  following  conclusions: 

a.  Use  of  the  theoretically  computed  flow  (Q_. ) representing 
the  unregulated  stream  flow  results  in  a storage  requirement  (As) 
and  time  of  need,  which  are  erroneous  when  analyzed  using  historical 
stream  flow  data  on  an  annual  basis  and  converted  to  a monthly  basis. 
The  theoretically  computed  draft-on-storage  or,  in  the  case  of  water 
quality  alternatives,  the  amount  of  pollutants  that  would  have  to  be 
pumped  over  and  above  the  amount  that  could  be  assimilated  by  the 
unregulated  stream  flow  > is  computed  for  only  a climatic  year 
and  is  based  on  quantities  of  flows  that  are  not  applicable  for 
streams  that  have  erratic  flow  characteristics.  Use  of  the  climatic 
year  does  not  recognize  extended  low-flow  drought  periods.  Further- 
more, the  theoretically  computed  Q.  does  not  necessarily  depict  the 
flow  pattern  of  the  stream,  instead,  as  in  the  case  of  the  Meramec 
River  3asin  flow,  incorrectly  credits  the  streams  with  greater  monthly 
flows  and  assimilation  capabilities  for  the  degree  of  protection 
desired  and  results  in  greatly  reduced  supplemental  needs  and  resulting 
benefits . 
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b.  Benefits  computed  based  on  either  the  annual  draft-on- 
storage  or  pumped  increments  of  sewage  are  inadequate  when  viewed 
from  two  other  aspects.  The  first  aspect  is  the  discount  factor 
used  in  relation  to  time  of  need.  Use  of  a higher  computed  unregu- 
lated flow  (Q^)  places  the  time  of  need  and  provision  per  purpose 
far  later  than  historical  stream  flow  data  indicate.  The  second 
factor  is  that  the  reduced  requirement,  as  determined  by  the  method- 
ology, may  lead  to  selection  of  an  alternative  means  as  the  basis 
for  benefit  evaluation  that  is  wholly  inadequate  and  impractical  for 
obtaining  the  required  degree  of  protection  when  correlated  to  his- 
torical flow  data  and  extended  flow  durations. 

c.  In  reaches  of  streams  where  two  supplemental  flows  (water 
quality  and  water  supply)  are  required,  evaluation  of  supplemental 
storage  or  flow  needs  should  be  made  on  a total  demand  basis  with 
storage  allocations  to  individual  purposes  apportioned  on  a first 
added-last  added  lasis.  The  resultant  individual  supplemental  flow 
requirements  would  then  serve  as  the  basis  for  benefit  evaluation. 
This  automatically  avoids  the  error  of  using  the  same  natural  flow 
when  computing  the  individual  needs  for  both  purposes,  as  was  done 
by  the  Public  Health  Service  in  the  Meramec  report. 

d.  In  apportioning  the  supplemental  flow  requirements  per 
purpose  under  first  added-last  added  basis  (see  subparagraph  c above) 
care  should  be  exercised  regarding  the  routings  made  to  compare 
natural  flows  versus  demands.  In  the  case  of  water  supply,  the  mini- 
mum flow  of  record  should  be  selected  as  a base  to  which  water  supply 
needs  are  added  under  the  first  added  basis.  This  would  assure  an 
analysis  depicting  a condition  that  would  safeguard  the  existing 
ripian  rights  and  avoid  a complete  stream  depletion  by  withdrawals. 

e.  Selection  of  pumping  increments  of  sewage  from  one  basin 
to  another  is  questionable  as  to  practicality  and  feasibility  in 
use  as  an  alternative  for  water  quality  benefit  evaluation.  Legal 
problems  may  arise,  but  more  important,  a study  would  be  required  to 
develop  future  growth  and  pollution  controls  on  both  streams  to  deter 
mine  whether  this  transfer  of  pollutants  could  be  undertaken  without 
just  a transferring  of  one  pollutement  problem  from  one  basin  to 
another. 

£.  Information  obtained  from  the  Public  Health  Service  indi- 
cated that  the  following  average  temperatures  for  unregulated  flows 
were  used  to  define  the  seasonal  breakdown  for  both  water  quality 
and  water  supply  in  the  Meramec  report:  winter,  41°F;  spring  and 

fall,  59°F;  summer  77°F.  In  its  report  dated  February  1964,  the 
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Public  Health  Service  used  the  classic  seasonal  breakdown,  i.e.,  a 
three-month  winter  period  - December,  January,  and  February;  a three- 
month  summer  period  - June,  July,  and  August;  and  a six-month  spring 
and  fall  period  - March,  April,  1-lay,  September,  October,  and  November. 
To  determine  the  validity  of  this  seasonal  breakdown,  an  analysis 
by  this  District  was  undertaken  using  data  obtained  from  the  USGS 
Circular  No.  216  entitled  "Water  Resources  of  the  St.  Louis  Area, 
Missouri  and  Illinois,"  and  water  temperatures  recorded  at  the  water 
plant  intake  located  on  the  Meramec  River  at  Kirkwood,  Missouri.  A 
three-step  analysis  was  made  to  define  the  seasonal  breakdown.  This 
analysis  was  based  on  first  recognizing  that  the  average  temperature 
should  be  a true  median  point  between  the  season's  maximum  and  minimum 
temperatures;  that  the  temperature  differential  for  the  maximum, 
average,  and  minimum  in  each  season  should  be  about  the  same;  and  that 
the  range  of  the  differential  temperatures  should  be  adjusted  to  re- 
flect the  effects  of  the  appropriate  season,  i.e.,  the  trend  (recom- 
mended temperature  ranges)  would  justify  increasing  or  decreasing  the 
flow  requirements  for  water  quality  control.  Results  of  this  analysis 
were  presented  informally  to  the  Public  Health  Service  with  the  result 
that  the  definition  of  seasons  on  a monthly  basis  was  changed  and  the 
revised  monthly  seasons  were  used  in  computing  storage  requirements  and 
resulting  benefits.  However,  with  the  increase  in  the  number  of  low- 
flow  periods  that  exceed  a climatic  year,  it  is  felt  that  additional 
investigation  and  consideration  should  be  given  to  further  adjustment 
and  refinement  of  the  seasonal  breakdown  used  by  the  Public  Health 
Service  since  that  agency  equates  water  usage  (M&I  demands)  and  assimi- 
lation abilities  (water  quality  requirements)  to  temperature  aspects. 
This  particular  point  becomes  very  important  in  determining  supple- 
mental flow  requirements  in  a basin. 


Prepared  by 

U.  S.  Army  Engineer  District, 
St.  Louis 
11  August  1965 
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PUBLIC  HEALTH  SERVICE 

WS  & PC  Program 


DEPARTMENT  OF-  HEALTH,  EDUCATION.  AND  WELFARE 
REGIONAL  OFFICE 

560  Westport  Road 
Kansas  City,  Missouri  64111 

August  5,  1965 


Colonel  James  B.  Meanor,  Jr. 

District  Engineer 

St.  Louis  District 

Corps  of  Engineers,  U.  S.  Army 

906  Olive  Street 

St.  Louis,  Missouri  63101 

Dear  Colonel  Meanor: 


Re:  LMSED-BM 


In  accordance  with  Mr.  Lawlor's  letter  of  30  July  1965,  we 
submit  the  following  background  information  concerning  the 
need  and  benefit  evaluations  for  water  quality  control  in 
Reach  M-7,  the  lower  basin  area  of  the  Meramec  River  Basin 
in  Missouri. 

In  estimating  streamflow  to  be  used  in  determining  needs 
for  water  quality  control,  a 95  percent  probability  level 
was  used  instead  of  90  percent,  which  is  frequently  used. 
This  higher  value  was  selected  because  of  the  expected 
complete  urbanization  of  the  area  studied.  Use  of  the  95% 
probability  values  increased  the  requirements. 

The  following  table  shows  the  expected  population  and 
quantity  of  sewage  to  be  pumped. 

Popu latlon  and  Sewage  Pumped* 


1970 

2020 

2070 

Population  130 

,000 

620,000 

2,000,000 

Sewage  Pumped 
KG/Year  (Ave.) 

100 

3,000 

8,000 

Size  of  Pipelines 

54" 

66” 

84' 

Maximum  Dally  Pumpage 
Used  in  Design  (MGD) 

45 

130 

260 

★Sewage  to  be  pumped  was  estimated  based  on  the 
monthly  variation  in  the  assimilating  capacity 
of  the  unregulated  flow  (Q.).  The  values  in  the 
report  are  the  summation  of  all  the  Incremental 
pumping  requirements  to  handle  the  waste  loadings 
which  exceed  the  assimilative  capacity  of  the  un- 
regulated flows  established  by  a probability  of 
occurrence.  The  critical  flow  is  the  low  flow  which 
will  be  exceeded  95  percent  of  the  years. 
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In  estimating  che  assimilating  capacity  of  Che  stream  in 
Reach  M-7,  che  "Qj" , exceeded  9}  percent  of  che  claw,  was 
established  by  analysing  all  streamflow  data  of  record 
v using  awdian  monthly  values  on  a ellawdc  year  basis.  The 

“ j return  flow  froai  upstream  municipal  ground  water  supplies 

will  augswnt  the  streanflow  and  will  be  available  for 
quality  control  In  Reach  M-7. 

Estimated  Unregulated  Flow  In  2070 
That  Will  >a  Exceeded  93  Percent  of  the  Years 

April  {(ax  June  July  Aut  Sept  Oct  Nov  Pec  Jan  Feb  March 

MCO  962  893  609  442  405  381  256  337  381  497  562  1080 

The  puaiping  stations  and  pipelines  were  sized  on  the  basis  of 
need  for  each  of  the  periods  1970,  2020,  and  2070  to  handle 
the  naxlawaa  daily  flows  to  be  pumped.  The  following  table 
la  the  summary  of  the  capital,  operating  and  maintenance 
costs,  and  their  amortised  value  of  the  pumping  stations 
and  pipelines. 


Pumping  Stations  and  Pipeline  Costs 


Construction 

Cost 

_i 

Year 

of 

First 

Meed 

Cost  Discounted 
at  31  to  1970 

8 

Annual  Cost 
(1970  to  2070) 
Amortized  Q 31 
$ 

6,800,000 

1990 

3,765,000 

119,000 

44,000* 

736,000 

23,300 

8,500,000 

2020 

1,939,000 

61,400 

107,000* 

626,000 

20,000 

11,000,000 

2050 

1,0)4,000 

32,700 

104,000* 

145,000 

- IW 

10E4L 

261,000 

*Annmsl  operation  and 

r- 

e coots  from  peer  of  first 

mood  to 

end  of  study  period. 

o 
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The  ••elaated  eoct  of  pumping  etetlone  and  pipeline*  was 
found  to  be  the  most  econoaiicel  of  the  several  moat  likely 
elternetlves  studied,  end  uaa,  therefore, used  ss  the  benefit 
velue. 


Me  trust  the  above  lnformetlon  will  answer  the  question  of 
the  Board  of  engineers  for  Rivers  and  Harbors,  Washington,  O.C. 


Sincerely, 


HERBERT  C.  CLARE,  P.E. 

Reg lone 1 Program  Director 
Weter  Supply  end  Pollution  Control 


cct  DUS PC  - Attn:  Krause 
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Reformulation  of  #9  Ironda la  Reservoir  (eont'd) 


Sunmsry 


X*£ort_ 
$ 1,980,000 

Revised 

Difference 

01.  Lends  & denotes 

$ 1,740,000 

$ -240,000 

02.  Relocations 

3,831,000 

3,180,000 

-651,000 

03.  Reservoir 

233,000 

230,000 

- 5,000 

04.  Denis 

5,019,000 

'4,770,000 

-249,000 

06.  Fish  6.  wildlife 

11,000 

10,000 

- 1,000 

facilities 

08.  Roads,  railroads 

367,000 

370,000 

3,000 

& bridges 

14.  Recreational  facilities 

537,000 

400,000 

-137 ,000 

19.  Buildings,  grounds  6 

233,000 

220,000 

• 13,000 

utilities 

20.  Permanent  operating 

164,000 

160,000 

- 4,000 

equipment 

30.  Engineering  6 design 

1,218,000 

1,100,000 

•118,000 

31.  Supervision  6 administration  805,000 

720,000 

- 85,000 

Total 

14,400,000 

12,900,000 

$-1,500,000 

C.  Benefits 

Flood  control  • total 

$ 63,400 

$ 63,400 

$ - 

Msranec  River 

( 63,400) 

( 63,400) 

m 

Mississippi  River 

as 

m 

m 

Hater  quality 

320,000 

320,000 

- 

Hater  supply 

9,400 

7,600 

- 1,800 

Recreation  - total 

590,500 

448,500 

-142,000 

General 

(365,100) 

(243,600) 

(-121,500) 

Fishing  and  hunting 

(225,400) 

(204,900) 

(-  20,500) 

navigation 

4.000 

r 4-000 

- 

Total  groas  benefits 

$$87,300 

$643,500 

$-143,800 

Less  negative  benefits 

800 

800 

- 

Total  net  benefits 

$986,500 

$842,700 

$-143,800 

»•  HnSto-*?**  sastot 

Annuel  economic  cent  - $627,500 
Annuel  benefits  • $042,700 
Benefit-coot  ratio  • 1.2 
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Raforaulatioa  of  #9  Xroadalo  Raaarvoir  (coat'd) 


•it 


• Apportionaant  of  coata 

• Flrat  coat 

Ottf 

(coata  ia  thouaaad  dollara) 

Fadaral 

Flood  coatrol 

Coat 

1.399 

8.7 

Fazcaat 

10.84 

5.84 

Ha  tar  quality 

Coat 

3,470 

35.8 

Parcoat 

42.40 

24.03 

lacraatioa 

Coat 

4,133 

61.2 

Parcoat 

32.04 

41.07 

Navigation 

Coat 

69 

0.4 

Parcoat 

0.54 

0.27 

Subtotal 

Coat 

11,071 

106.1 

Parcoat 

65.82 

71.21 

Ew-IMwal 
Motor  aupply 

Coot 

138 

1.9 

Parcoat 

1.07 

1.27 

lacraatioa 

Coat 

1,691 

41.0 

Parcoat 

13.11 

27.52 

Subtotal 

Coat 

1,829 

42.9 

Parcoat 

14.18 

28.79 

Total  aroioct  coata  12.900  149.0 
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Table  2 

Statistical  array 
Mean  monthly  discharges  - April 
Meramec  River,  Mo.  - Eureka,  Mo.,  gage 


Discharge 

Percent 

c » f • 

Occurrence 

occurrenc 

22,600 

1 

2.38 

20,000 

2 

4.76 

15,500 

3 

7.14 

15,400 

4 

9.52 

12,770 

5 

11.90 

12,390 

6 

14.29 

9,060 

7 

16.67 

8,551 

8 

19.05 

8,044 

9 

21.43 

7,513 

10 

23.81 

7,390 

11 

26.19 

7,178 

12 

28.57 

6,770 

13 

30.95 

6,387 

14 

33.33 

5,880 

15 

35.72 

4,705 

16 

38.10 

4,650 

17 

40.48 

4,363 

18 

42.86 

4,330 

19 

45.24 

4,138 

20 

47.62 

3,934 

21 

50.00 

3,901 

22 

52.38 

3,883 

23 

54.76 

3,737 

24 

57.14 

3,663 

25 

59.52 

3,568 

26 

61.91 

3,381 

27 

64.29 

3,370 

28 

66.67 

3,357 

29 

69.05 

2,953 

30 

71.43 

2,790 

31 

73.81 

2,750 

32 

76.19 

2,675 

33 

78.57 

2,388 

34 

80.95 

2,350 

35 

83.34 

2,126 

36 

85.72 

2,102 

37 

88.10 

1,798 

38 

90.48 

1,700 

39 

92.86 

1,100 

40 

95.24 

969 

41 

97.62 

945 

42 

100.00 
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Statistical  array 
Mean  monthly  discharges  - May 
Meramec  River,  Mo.  - Eureka,  Mo.,  gage 


Discharge 
c .f .8 . 


17,730 
IS ,860 
15,430 
15 , 100 
13,600 
11,400 
10,770 
9,081 
8,976 
8,289 
8,010 
6,263 

6.240 
5,066 
4,980 
4,762 
4,659 
4,595 
4,431 
4,137 
4,141 
3,249 

3.240 
3,140 
3,072 
2,860 
2,799 
2,720 
2,510 
2,077 
1,960 
1,759 
1,752 
1,747 
1,562 
1,450 
1,242 

970 

924 

822 

708 


Occurrence 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27  6.  28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 


Percent 

occurrence 

2.38 

4.76 

7.14 

9.52 

11.90 
14.29 

16.67 

19.05 

21.43 

23.81 

26.19 

28.57 

30.95 

33.33 

35.72 

38.10 

40.48 

42.86 

45.24 

47.62 
50.00 
52.38 
54.76 
57.14 
59.52 

61.91 

66.67 

69.05 

71.43 

73.81 

76.19 

78.57 

80.95 

83.34 

85.72 

88.10 

90.48 

92.86 

95.24 

97.62 

100.00 
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Statistical  array 
Mean  monthly  discharges  - June 
Meramec  River , Mo . - Eureka , Mo . , gage 


Discharge 
c .f .s . 


Occurrence 


Percent 

occurrence 


18,070 

1 

2.38 

16,000 

2 

4.76 

14,800 

3 

7.14 

13,890 

4 

9.52 

11,490 

5 

11.90 

8,350 

6 

14.29 

7,940 

7 

16.67 

7,539 

8 

19.05 

7,188 

9 

21.43 

4,880 

10 

23.81 

4,800 

11 

26.19 

4,241 

12 

28.57 

3,580 

13 

30.95 

3,433 

14 

33.33 

3,394 

15 

35.72 

3,230 

16 

38.10 

3,199 

17 

40.48 

3,110 

18 

42.86 

2,874 

19 

45.24 

2,830 

20 

47.62 

2,633 

21 

50.00 

2,145 

22 

52.38 

1,952 

23 

54.76 

1,836 

24 

57.14 

1,800 

25 

59.52 

1,776 

26 

61.91 

1,522 

27 

64.29 

1,470 

28 

66.67 

1,420 

29 

69.05 

1,405 

30 

71.43 

1,338 

31 

73.81 

1,260 

32 

76.19 

1,020 

33 

78.56 

943 

34 

80.95 

922 

35 

83.34 

914 

36 

85.72 

849 

37 

88.10 

820 

38 

90.48 

803 

39 

92.86 

673 

40 

95.24 

590 

41 

97.62 

503 

42 

100.00 
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Statistical  array 
Mean  monthly  discharges  - July 
Meramec  River,  Mo.  - Eureka,  Mo.,  gage 


Discharge 

c.f.a. 


Percent 

Occurrence  occurrence 


12,600 

1 

2.38 

11,500 

2 

4.76 

5,659 

3 

7.14 

5,631 

4 

9.52 

4,983 

5 

11.90 

4,455 

6 

14.29 

3,250 

7 

16.67 

2,901 

8 

19.05 

2,880 

9 

21.43 

2,744 

10 

23.81 

2,677 

11 

26.19 

2,255 

12 

28.57 

2,254 

13 

30.95 

1,549 

14 

33.33 

1,471 

15 

35.72 

1,466 

16 

38.10 

1,450 

17 

40.48 

1,420 

18 

42.86 

1,260 

19 

45.24 

1,142 

20 

47.62 

1,125 

21 

50.00 

1,078 

22 

52.38 

999 

23 

54.76 

985 

24 

57.14 

844 

25 

59.52 

823 

26 

61.91 

726 

27 

64.29 

713 

28 

66.67 

692 

29 

69.05 

689 

30 

71.43 

685 

31 

73.81 

629 

32 

76.19 

620 

33 

78.57 

614 

34 

80.95 

604 

35 

83.34 

601 

36 

85.72 

553 

37 

88.10 

506 

38 

90.48 

497 

39 

92.86 

474 

40 

95.24 

356 

41 

97.62 

318 

42 

100.00 

r 
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Statistical  array 
Mean  monthly  discharges  - August 
Meramec  River,  Mo.  - Eureka,  Mo.,  gag? 


( 


Discharge 
c.f .s . 


Percent 

Occurrence  occurrence 


4,286 

1 

2.38 

4,175  . 

2 

4.76 

2,780 

3 

7.14 

2,120 

4 

9.52 

2,062 

5 

11.90 

1,855 

6 

14.29 

1,710 

7 

16.67 

1,640 

8 

19.05 

1,510 

9 

21.43 

1,474 

10 

23.81 

1,200 

11 

26.19 

1,077 

12 

28.57 

1,073 

13 

30.95 

1,061 

14 

33.33 

1,056 

15 

35.72 

1,051 

16 

38.10 

1,045 

17 

40.48 

1,024 

18 

42.86 

949 

19  & 20 

47.62 

890 

21 

50.00 

820 

22 

52.38 

772 

23 

54.76 

771 

24 

57.14 

758 

25 

59.52 

733 

26 

61.91 

729 

27 

64.29 

654 

28 

66.67 

648 

29 

69.05 

612 

30 

71.43 

554 

31 

73.81 

551 

32 

76.19 

544 

33 

78.57 

526 

34 

80.95 

510 

35 

83.34 

488 

36 

85.72 

473 

37 

88.10 

428 

38 

90.48 

407 

39 

92.86 

396 

40 

95.24 

386 

41 

97.62 

255 

42 

100.00 
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Statistical  array 

Mean  monthly  dischargee  - September 
Meramec  River,  Mo.  - Eureka,  Mo.,  gag^ 


Discharge 

C .£ .8  » 


Occurrence 


Percent 

occurrence 


5,478 

1 

2.38 

4,396 

2 

4.76 

3,597 

3 

7.14 

3,268 

4 

9.52 

2,682 

5 

11.90 

1,850 

6 

14.29 

1,430 

7 

16.67 

1,390 

8 

19.05 

1,377 

9 

21.43 

1,010 

10 

23.81 

921 

11 

26.19 

912 

12 

28.57 

870 

13 

30.95 

798 

14  & 15 

35.72 

784 

16 

38.10 

773 

17 

40.48 

765 

18 

42.86 

756 

19 

45.24 

684 

20 

47.62 

662 

21 

50.00 

653 

22 

52.38 

640 

23 

54.76 

632 

24 

57.14 

616 

25 

59.52 

615 

26 

61.91 

592 

27 

64.29 

586 

28 

66.67 

584 

29 

69.05 

560 

30 

71.43 

545 

31 

73.81 

504 

32 

76.19 

496 

33 

78.57 

486 

34 

80.95 

485 

35 

83.34 

477 

36 

85.72 

475 

37 

88.10 

471 

38 

90.48 

408 

39 

92.86 

390 

40 

95.24 

297 

41 

97.62 

244 

42 

100.00 
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Statistical  array 

Mean  monthly  discharges  - 

October 

Meramec 

River,  Mo.  - Eureka 

, Mo.,  gag<? 

Discharge 

Percent 

c.f.s. 

Occurrence 

occurrence 

12,120 

1 

2.38 

3,850 

2 

4.76 

3,760 

3 

7.14 

3,600 

4 

9.52 

3,019 

5 

11.90 

2,820 

6 

14.29 

2,620 

• • 7 

16.67 

2,407 

8 

19.05 

1,740 

9 

21.43 

1,600 

10 

23.81 

1,231 

11 

26.19 

1,149 

12 

28.57 

1,120 

13 

30.95 

1,062 

14 

33.33 

1,031 

15 

35.72 

1,014 

16 

38.10 

847 

17 

40.48 

791 

18 

42.86 

717 

19 

45.24 

705 

20 

47.62 

704 

21 

50.00 

689 

22 

52.38 

684 

23 

54.76 

675 

24 

57.14 

653 

25 

59.52 

638 

26 

61.91 

622 

27 

64.29 

592 

28 

66.67 

589 

29 

69.05 

578 

30 

71.43 

575 

31 

73.81 

573 

32  & 33 

78.57 

571 

34 

80.95 

569 

35 

83.34 

548 

36 

85.72 

50 4 

37 

88.10 

438 

38 

90.48 

436 

39 

92.86 

427 

40 

95.24 

418 

41 

97.62 

239 

42 

100.00 

C ) 
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Statistical  array 

Mean  monthly  discharges  - November 
Meramec  River,  Mo.  - Eureka,  Mo.,  gage  • 


Discharge 

Percent 

c.f  .s. 

Occurrence 

occurrence 

7,317 

1 

2.38 

7,086 

2 

4.76 

5,790 

3 

7.14 

5,209 

4 

9.52 

5,070 

5 

11.90 

4,660 

6 

14.29 

4,507 

7 

16.67 

3,830 

8 

19.05 

3,390 

9 

21.43 

2,312 

10 

23.81 

1,973 

11 

26.19 

1,943 

12 

28.57 

1,932 

13 

30.95 

1,930 

14 

33.33 

1,822 

15 

35.72 

1,638. 

16 

38.10 

1,569 

17 

40.48 

1,382 

18 

42.86 

1,278 

19 

45.24 

1,224 

20 

47.62 

1,213 

21 

50.00 

1,212 

22 

52.38 

1,140 

23 

54.76 

939 

24 

57.14 

927 

25 

59.52 

913 

26 

61.91 

882 

27 

64.29 

865 

28 

66.67 

829 

29 

69.05 

821 

30 

71.43 

786 

31 

73.81 

686 

32 

76.19 

644 

33 

78.57 

641 

34 

80.95 

632 

35 

83.34 

630 

36 

85.72 

629 

37 

88.10 

587 

38 

90.48 

511 

39 

92.86 

510 

40 

95.24 

486 

41 

97.62 

464 

42  ^ 

100.00 
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Statistical  array 

Mean  monthly  discharges  - December 
Meramec  River,  Mo.  - Eureka,  Mo.,  gage  . 


Discharge 
c .f  .s . 


9,296 

7.250 
5,380 
4,436 
3,954 
3,782 
3,730 
3,660 
3,550 
3,400 

3.340 
3,280 
3,012 
2,360 
2,240 
2,145 
1,917 
1,811 
1,700 
1,630 
1,601 
1,506 
1,469 

1.340 
1,255 

1.250 
1,167 
1,164 
1,125 
1,100 

991 

870 

826 

805 

791 

711 

690 

670 

650 

581 

511 

426 


Occurrence 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 


Percent 

occurrence 

2.38 

4.76 

7.14 

9.52 

11.90 

14.29 

16.67 

19.05 

21.43 

23.81 

26.19 

28.57 

30.95 

33.33 

35.72 

38.10 

40.48 

42.86 

45.24 

47.62 
50.00 
52.38 
54.76 
57.14 
59.52 

61.91 

64.29 

66.67 

69.05 

71.43 

73.81 

76.19 

78.57 

80.95 

83.34 

85.72 

88.10 

90.48 

92.86 

95.24 

97.62 

100.00 
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Statistical  array 
Mean  monthly  discharges  - January 
Meramec  River,  Mo.  - Eureka,  Mo.,  gaga 


Discharge 

c .f  ,s . Occurrence 


Percent 

occurrence 


17 , 320 

1 

2.38 

9,918 

2 

4.76 

8,920 

3 

7.14 

7,651 

4 

9.52 

5,668 

5 

11.90 

5,540 

6 

14.29 

4,490 

7 

16.67 

4,200 

8 

19.05 

4,024 

9 

21.43 

3,945 

10 

23.81 

3,867 

11 

26.19 

3,340 

12 

28.57 

2,903 

13 

30.95 

2,750 

14 

33.33 

2,748 

15 

35.72 

2,553 

16 

38.10 

2,414 

17 

40.48 

2,323 

18 

42.86 

2,284 

19 

45.24 

2,240 

20 

47.62 

1,990 

21 

50.00 

1,939 

22 

52.38 

1,925 

23 

54.76 

1,820 

24 

57.14 

1,790 

25 

59.52 

1,637 

26 

61.91 

1,622 

27 

64.29 

1,380 

28 

66.67 

1,370 

29 

69.05 

1,240 

30 

71.43 

1,178 

31 

73.81 

1,038 

32 

76.19 

976 

33 

78.57 

953 

34 

80.95 

915 

35 

83.34 

768 

36 

85.72 

758 

37 

88.10 

665 

38 

90.48 

572 

39 

92.86 

562 

40 

95.24 

530 

41 

97.62 

374 

42 

100.00 
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Statistical  array 

Mean  monthly  discharges  - February 
Meramec  River,  Mo.  - Eureka,  Mo.,  gage 
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Statistical  array 
Mean  monthly  discharges  - 
Meramec  River,  Mo.  - Eureka 


Discharge 

c .f .s . Occurrence 


13,390 

1 

9,949 

2 

9,855 

3 

7,797 

4 

7,330 

5 

7,320 

6 

7,233 

7 

7,224 

8 

7,082 

9 

6,960 

10 

6,910 

11 

6,739 

12 

6,706 

13 

6,624 

14 

6,467 

15 

6,250 

16 

5,591 

17 

4,757 

18 

4,715 

19 

4,550 

20 

4,544 

21 

4,520 

22 

4,182 

23 

4,054 

24 

4,030 

25 

3,647 

26 

3,354 

27 

3,120 

28 

3,071 

29 

3,060 

30 

3,007 

31 

2,815 

32 

2,580 

33 

2,270 

34 

2,253 

35 

2,194 

36 

1,900 

37 

1,570 

38 

1,516 

39 

949 

40 

671 

41 

514 

42 

March 
Mb . , gage 


Percent 

occurrence 

2.33 

4.76 

7.14 

9.52 

11.90 

14.29 

16.67 

19.05 

21.43 

23.81 

26.19 

28.57 

30.95 

33.33 

35.72 

38.10 

40.48 

42.86 

45.24 

47.62 
50.00 
52.38 
54.76 
57.14 
59.52 

61.91 

64.29 

66.67 

69.05 

71.43 

73.81 

76.19 

78.57 

80.95 

83.34 

85.72 

88.10 

90.48 

92.86 

95.24 

97 .62 

100.00 


Cost  Allocation  Studies 


Irondale  Reservoir 
Determination  of  Separable  Costs 

A.  Total  Separable  Cost 

1.  Flood  Control  (Normal  Pool  Area  - 4,100  acres  - 100%) 

a.  Separable  cost  - $598,000  -$552,700  « $45,300 

2.  Water  Quality 

a.  Separable  cost  * $598,000  -$548,200  - $49,800 

b.  But  without  water  quality,  the  normal  pool  is  reduced  to 

3,600  acres  or  ^ - 12%  and  results  in  the  following  benefit  loss: 

$843,500  -$470,500  - $373,000,  of  which  $320,000  is  water  quality, 
$3,900  is  navigation,  $29,200  is  general  recreation  and  $19,900  is 
Fish  and  Wildlife.  Total  recreation  ■ $49,100 

c.  Modified  separable  cost  ■ $49,800  -$12%  of  $62,500  (annual 
specific  cost  of  recreation)  or  $7,500)  « $42,300 

3.  Water  Supply 

a.  Separable  cost  - $598,000  -$424,000  * $174,000 

b.  But  without  water  supply,  the  normal  pool  is  reduced  to 

2.100 

2,000  acres  or  4,100  “ 51%  and  results  in  the  following  benefit  loss: 
$843,500  -$626,900  - $216,600,  of  which  $7,600  is  water  supply,  $100 
is  navigation,  $124,200  is  general  recreation  and  $84,700  is  Fish  and 
Wildlife.  Total  recreation  • $208,900 

c.  Modified  separable  cost  ■ $174,000  -(51X  of  $62,500  (annuel 
specific  cost  of  reduction)  or  $31,900)  ■ $142,100 


B.  Operation  and  Maintenance  (including  supervision  and  administration 
costs) 

1.  Flood  Control 

a.  Separable  cost  - $129,000  -$123,000  * $6,000 

2.  Water  Quality 

a.  Separable  cost  - $129,000  -$116,000  « $13,000 


b.  Modified  separable  cost  » $13,000  -(127.  of  $34,000)  - 


$8,900 


3.  Water  Supply 

a.  Separable  cost  - $129,000  -$72,000  - $57,000 

b.  Modified  separable  cost  - $57,000  -(51%  of  $34,000)  ■ 

$39,700 

C.  Replacement  Costs 

1.  Flood  Control 

a.  Separable  cost  - $20,000  -$19,000  - $1,000 

2.  Water  Quality 

a.  Separable  cost  » $20,000  -$18,000  - $2,000 

b.  Modified  separable  cost  - $2,000  -(12%  of  $7,000)  - 


3.  Water  Supply 

% 

a.  Separable  coat  • $20,000  -$9,000  - $11,000 


b.  Modified  aaparabla  cost  - $11,000  -(51%  of  $7,000)  ■ 


$7,400 
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Co«t  Allocation  Studies 
Union  Reservoir 

Determination  of  Separabla  Coats 


( ) 


Total  Separabla  Cost 


1.  Flood  Control  (Normal  Pool  Araa  ■ 6,500  acras  ■ 100%) 

a.  Saparabla  cost  - $1,189,200  >$846,600  - $342,600 

2.  Watar  Quality 


a.  Saparabla  cost  - $1,189,200  >$1,025,400  - $163,800 

b.  But  without  watar  quality,  tha  normal  pool  is  reduced  to 

1 300  ' 

5,200  acres  or  '5^355  " 20.01  and  results  in  the  following  benefit  loss: 
$1,835,800  >$1,463,900  - $371,900,  of  which  $177,700  is  water  quality, 
$1,400  is  navigation,  $144,600  is  general  recreation  and  $48,200  is 
Pish  and  Wildlife.  Total  recreation  ■ $192,800 


c.  Modified  separable  cost  • $163,800  -(20. OX  of  $176,900 
uni  specific  cost  of  recreation)  or  $35,400)  • $128,400 

3.  Watar  8upply 

a.  Separable  cost  -'$1,189,200  -$985,500  - $203,700 


b.  But  without  water  supply,  the  normal  pool  is  reduced  to 
4,350  acres  or  - 33. IX  and  results  in  the  following  benefit  loss 

$1,835,800  >$1,344,200  - $491,600,  of  which  $172,100  is  water  supply, 

» 

$400  la  navigation,  $239,300  is  general  racraatlon  and  $79,800  is  Pish 
and  Wildlife.  Total  recreation  - $319,100 


e.  Modified  separabla  cost  - $203,700  -(33.11  of  $176,900 

*•  ** 

specific  seat  of  recreation)  or  $38,600)  - $145,100 


V 


1.  Operation  and  Maintenance  (Including  aupervialon  and  adoiniatratlon 
coata) 

< 1.  Flood  Control  . , 

a.  Separable  coat  - 1204,000  -$175,000  - $29,000 

2.  Water  Quality 

a.  Separable  coat  - $204,000  -$174,000  • $30,000 

b.  Modified  aeparable  coat  • $30,000  -(20. OX  of  $103,100)  ■ 

$9,400 

3.  Water  Supply 

a.  Separable  coat  - $204,000  -$157,000  - $47,000 

b.  Modified  aeparable  coat  - $47,000  -(33.11  of  $103, 100).  - 

$12,900 

C.  Replacement  Coata 

1.  Flood  Control 

a.  Separable  coat  - $28,000  -$20,000  - $8,000 

2.  Water  Quality 

a.  Separable  coat  • $28,000  -$23,000  - $5,000 

b.  Modified  aeparable  coat  - $5,000  -(20.01  of  $13,000)  ■ 

| . $2,400  I 

■ 

3.  Water  Supply 

a.  Separable  coat  - $28,000  -$21,000  - $7,000 

b.  Modified  aeparable  coat  ■ $7,000  -(33.11  of  $13,000)  - 

$2,700 
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Cost  Allocation  Studies 


Pina  Ford  Reservoir 
Determination  of  Separable  Costs 

A.  Total  Separable  Cost 

1.  Flood  Control  (Normal  Pool  Area  - 3,700  acres  ■ 100%) 

a.  Separable  cost  « $1,171,900  *$750,400  - $421,500 

2.  Uater  Quality 

a.  Separable  cost  - $1,171,900  -$976,200  - $195,700 

b.  But  without  water  quality,  the  normal  pool  is  reduced  to 

3,100  acres  or  g * 16.2%  and  results  in  the  following  benefit 
loss:  $1,840,200  -$1,590,600  - $249,600,  of  which  $74,200  is  water 

quality,  $1,600  is  navigation,  $142,000  is  general  recreation  and 
$31,800  is  Fish  and  Wildlife.  Total  recreation  » $173,800 

c.  Modified  separable  cost  - $195,700  -(16.2%  of  $211,000 
(annual  specific  cost  of  recreation)  or  $34,200)  ■ $161,500 

3.  Water  Supply 

a.  Separable  cost  - $1,171,900  -$946,800  - $225,100 

b.  But  without  water  supply,  the  normal  pool  is  reduced  to 

900 

2,800  acres  or  - 24.3%  and  results  in  the  following  benefit 

loss:  $1,840,200  -$1,498,000  - $342,200,  of  which  $81,400  is  water 

supply,  $213,000  id  general  recreation  and  $47,800  is  Fish  and  Wildlife. 
Total  recreation  ■ $260,800 

c.  Modified  separable  coat  - $225,100  -(24.3%  of  $211,000 
(annual  specific  cost  of  recreation)  or  $51,300)  ■ $173,800 


B.  Operation  and  Maintenance  (including  euperviaion  and  administration 
costs) 

1.  Flood  Control 

a.  Separable  cost  - $223,000  -$192,000  • $31,000 

2.  Water  Quality 

a.  Separable  cost  - $223,000  -$187,000  -.$36,000 


b.  Modified  separable  cost  - $36,000  -(16.2%  of  $125,400)  - 


$15,700 


( ) 


3.  Water  Supply 

a.  Separable  cost  - $223,000  -$176,000  - $47,000  - 

b.  Modified  separable  cost  - $47,000  -(24.3%  of  $125,400).- 

$16,500 

C.  Replacement  Costs 

1.  Flood  Control 

a.  Separable  cost  • $30,000  -$20,000  • $10,000 

2.  Water  Quality 

a.  Separable  cost  - $30,000  -$20,000  - $10,000 

b.  Modified  separable  cost  - $10,000  -(16.2%  of  $15,400)  - 


$7,500 


3.  Water  Supply 

a.  Separable  cost  - $30,000  -$19,000  - $11,000 

b.  Modified  separable  cost  - $11,000  -(24.3%  of  $15,400)  - 


$7,300 
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Cost  Allocation  Studio 
BourbouM  River  Reservoir 
Determination  of  Separable  Costs 

A*  Total  Separable  Cost 

1.  flood  Control  (Venal  fool  Area  ■ 830  acras  • 100%) 

a.  Separable  cost  - $332,200  *$278,600  “ $73,600 

2.  Water  Quality 

a.  Separable  cost  - $332,200  -$269,500  - $82,700 

b.  But  without  water  quality,  the  normal  pool  is  reduced  to 

600 

450  acras  or  - 47. IX  and  results  In  the  following  benefit  loss: 
$478,900  -$196,700  - $282,200,  of  which  $175,700  is  water  quality, 

$200  is  navigation,  $88,900  is  general  recreation  and  $17,400  is  fish 
and  Wildlife.  Total  rocraation  - $106,300 

c.  Modified  separable  cost  - $82,700  -(47. IX  of  $60,900 

(annual  specific  cost  of  recreation)  or  $28,700)  - $34,000 

1.  Operation  and  Maintenance  (including  supervision  and  administration 
costs) 

1.  flood  Control 

a.  Separable  cost  • $119,000  -$98,000  ■ $21,000 

2.  Water  Quality 

a.  Separable  coat  • $119,000  -$79,000  - $40,000 

b.  Modified  separable  coat  - $40,000  -(47. IX  af  $34,900)  - 


c 


Replacement  Coats  . « 

1.  Flood  Control 

a.  Separable  cost  - $16,000  -$12,000 


$6,000  x 0.71639*  - 


$4,300 

2.  Water  Quality 

a.  Separable  cost  - $16,000  -$4,000  • $14,000 

b.  Modified  separable  coot  - $14,000  -(47. It  of  $5,500)  • 
$11,400  x 0.71839*  - $6,200 


* Adjustment  factor 
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Cost  estimate 
tngltfUM  sit* 
(boat  access) 

Fedora l 

.14  Recreation  facilities 

Access  road 
Comfort  station 
Subtotal 
Contingencies 

Total  recreation  facilities 
.30  Engineering  & design 
.31  Supervision  & administration 
Total  Federal  coat 


91.000 

6.500 


7,500 

700 


87355 


1,000 


800 

910,000 


fi°n-F«deral 

.01  Lands  3,500 

.14  Recreation  facilities 


Well  v/puap 

2,500 

Picnic  tables 

600 

Brasiars 

350 

Refuse  containers 

200 

Incinerator 

350 

Subtotal 

Contingencies 

Total  recreation  facilities 

4,000 


700 

M00 


V 


Total  lands  and  recreation  facilities 


8,200 


.30  lag! nearing  4 design 


1,000 


•31  Supervision  4 administration  800 

Total  moo-federal  coat  910,000 


1 


j 


\ 


t i 


Cost  estimate 
angler-use  site 
(road  eeeeas) 

y#de».l 

.14  Recreation  facilities 

Boat  launching  ramp  $ 5,300 

Perking  area,  surface  treatment  9,300 
Subtotal 
Contingencies 

Total  recreation  facllltlee 
.30  Engineering  & deaign 
.31  Supervision  & administration 
Total  Federal  coat 


Non-Federal 


01  Lands 

$ 3,500 

14  Recreation  facilities 

Hell  w/ pump 

2,500 

Comfort  station 

6,500 

Picnic  tables 

600 

Braziers 

350 

Refuse  containers 

200 

Incinerator 

350 

Road  treatment 

1.009 

Subtotal 

Contingencies 

Total  recreation  facilities 

Total  lande  and  recreation  facilities 

i 

.30  Engineering  4 deaign 

.31  Supervision  4 administration 

Total  non>Federal  coot 


14,600 

1.400 

16,000 

1,500 


■ ■■LWP 

$18,500 


11,500 


16,500 


1,200 

—M 

$18,500 


DEPARTMENT  OF  THE  ARMY 
Corps  op  Engineers 

BOARD  or  ENGINEERS  POR  RIVERS  AND  HARBORS 
WASHINGTON.  O.C.  Mill 
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THRU:  Chief  of  Engineers 

ATTN:  ENGCW-PD 

Department  of  the  A ray 


Division  Engineer 

U.  S.  Army  Engineer  Division,  Lower  Mississippi  Valley 
Vicksburg,  Mississippi 


1.  Reference  is  nude  to  BERK  letter  of  27  July  19&5  on  the 
subject  report.  Further  review  has  indicated  the  need  for  additional 
information  as  discussed  in  the  following  paragraphs. 


2.  The  Board  staff  has  recently  been  advised  informally  by  a 
representative  of  HEM,  Washington,  that  the  report  prepared  by  the 
Kansas  City,  Missouri  office  of  HEW,  dated  December  19^4  > and  in- 
cluded on  Summary  Report,  as  Attachment  1,  is  recognized  as  HEW's 
"official  report."  Attachment  2 of  the  Corps  Summary  Report,  in- 
dicates that  data  furnished  by  HEW  were  translated  by  the  Corps 
into  storsge  requirements  prior  to  project  formulation.  It  is 
stated  that  back-up  data  are  on  file  in  the  St.  Louis  District  of- 
fice. Accordingly,  it  is  requested  that  sufficient  information  be 
furnished  for  the  Board  to  determine  the  method  used  in  conversion 
of  HEW's  values  to  those  given  by  the  Corps  in  Attachment  2.  For 
example,  in  HEW's  report  Table  Ho.  VHI-5,  it  is  indicated  that  the 
supplemental  flow  above  a base  flow  which  would  be  required  in  con- 
nection with  water  quality  control  in  reach  M-7  during  September  in 
the  year  2070,  is  estimated  at  939  m.g.d.  or  1,460  c.f.s.  Attach- 
ment 2,  Table  6 (Corps  report)  shows  the  water  quality  requirement 
for  the  same  period  isusmer  season),  to  be  1,880  c.f.s.  or  420  c.f.i 
greater.  For  the  month  of  September  in  the  year  2020,  the  HEW  repo; 
gives  a value  equivalent  to  2l£  c.f.s.  as  compared  to  972.4  c.f.s. 
shown  by  the  Corps  Attachment  2.  It  is  requested  that  the  reasons 
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and  methods  for  these  differences  be  clearly  explained.  Does  HEM 
approve  of  the  Corps  changes  in  the  method? 

3.  Attachment  5,  Table  7,  indicates  that  the  value  of  reservoir 
storage  allocated  to  evaporation  increases  rapidly  in  the  later  years 
of  each  reservoir  project  life.  It  is  understood  that  the  conserva- 
tion pool  elevation  vlli  generally  stay  the  same  throughout  the  proj- 
ect life  of  any  one  structure.  It  is  not  clear  why  the  evaporation 
rate  is  less  for  the  recreation  use  than  for  water  supply  and  water 
quality  control  uses.  Also,  evaporation  storage  is  less  for  2020 
needs  than  for  2045  needs  as  shown  on  Attachment  5»  Table  8. 

4.  The  Meramec  Park  project  as  proposed  includes  about  400,000 
acre-feet  of  conservation  storage  Including  evaporation.  Attachment  5, 
Table  8,  indicates  that  if  this  project  were  constructed  the  water  qual- 
ity and  water  supply  needs  in  sub-basin  M-7  could  be  served  adequately 
until  after  2045.  Based  on  current  costs  and  unit  benefit  values,  what 
would  be  the  average  annual  benefits  and  benefit-cost  ratios  for  each 
of  the  other  projects  if  Union,  Pine  Ford,  Irondale,  and  1-38  as  pro- 
posed in  the  report  were  deferred  for  construction  until  the  year  2020, 
assuming  water  supply  and  water  quality  storages  for  reach  M-7  were  maxi- 
mized in  the  Meramec  Park  project  first,  and  that  needs  for  all  purposes 
in  the  study  remained  constant  after  2070. 

5.  Benefits  for  project  purposes  have  been  evaluated  in  many 
cases  by  using  the  least  costly  alternative  single-  or  multiple -purpos e 
reservoir  which  would  most  likely  be  constructed  in  the  absence  of  the 
proposed  project.  The  Secretary  of  Arny's  office  has  requested  for 

I similar  reports  that  some  development  of  alternatives  for  major  struc- 
I tures  be  included  in  the  report.  It  is  suggested  that  specific  cost 
data  on  the  major  alternatives  used  In  deriving  benefit  values  in  the 
1 report  be  furnished  for  the  information  of  the  Board. 

6.  Benefits  for  water  supply  and  water  quality  control  are 
shown  in  Attachment  5»  Table  9,  ns  the  summation  of  benefits  for  the 
local  areas  and  for  reach  M-7*  It  is  requested  that  information  be 
furnished  showing  the  breakdown  between  the  local  areas  and  reach  M-7, 
for  items  of  annual  costs  and  annual  benefits  for  the  water  supply 
and  the  water  quality  control  features  as  they  apply  to  each  reservoir 
project  recommended. 
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EKGBR  10  August  196? 

SUBJECT:  Keramec  River,  Missouri,  Summary  Report 

7.  There  is  inclosed  a table  shoving  allocated  costs  per  acre- 
foot  of  storage  for  the  primary  purposes  at  each  reservoir.  Consents 
on  the  vide  range  in  unit  costs  are  invited. 

8.  It  is  not  apparent  from  the  summary  report  if  consideration 
has  been  given  to  stage  construction  of  reservoirs  particularly  vith 
regard  to  the  vater  quality  and  vater  supply  storage  requirements. 
Discussion  of  the  value  of  stage  construction  would  be  appreciated. 

9.  Because  of  the  heavy  work  load  in  ENGCW-FD,  Planning  and 
Reports  at  this  time  the  Board  staff  has  been  delayed  in  discussing 
with  that  office  certain  policy  matters  which  have  developed  in  con- 
nection with  the  review  of  the  report.  It  is  anticipated  that  these 
matters  will  be  discussed  at  an  early  date  after  which  we  will  com- 
municate further  with  your  office. 

10.  Comments  and  revised  pages,  as  appropriate,  resulting  from 
consideration  of  the  foregoing  would  be  appreciated  at  the  earliest 
practicable  date.  • 

. TOR  THE  BOARD: 


1 Incl 


Copy  furnished:  (v/ incl) 

Dist  Xngr,  8t.  Louis 

Dir  Xngr,  XMVD  (for  advance  information) 
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COMMENTS 

ON 

BERH  LETTER,  10  AUGUST  1965 
SUBJECT:  MERAMEC  RIVER,  MISSOURI,  SUMMARY  REPORT 


References  below  refer  to  paragraphs  in  subject  letter. 

a.  Reference  paragraph  2 - water  quality  Reach  M-7.  The 
Department  of  Health,  Education,  and  Welfare  report.  Table  Vni-5, 
shows  the  maximum  reservoir  release  required  over  and  above  a com- 
puted theoretical  unregulated  stream  flow  (Qi)  to  meet  the  needs  for 
water  quality  in  Reach  M-7.  These  values  are  based  on  the  Rainwater 
method  of  analysis,  which  involves  the  use  of  several  formulas.  First, 
the  total  stream  flow  (Qt)  required  to  provide  the  acceptable  level  of 
quality  control  is  determined.  The  value  of  Qt  is  given  for  seasonal 
periods  and  is  based  on  the  assumption  that  primary  and  secondary 
treatment  is  provided.  Consideration  is  then  given  to  the  return  flow 
(Qr),  which  represents  a portion  of  the  municipal  and  industrial  water 
returned  to  the  stream  at  selected  load  centers.  In  the  case  of  the 
Meramec  Basin,  this  is  a subtractive  quantity  since  the  source  of  the 
return  flow  comes  from  underground  water  And  is  independent  of  the 
stream  flow.  The  required  stream  flow,  as  mouified  by  return  flow 
(Qr)»  i*  then  determined  by  the  formula  Q0  = Ot  " Or*  The  Public 
Health  Service  then  determined  the  amount  of  supplemental  storage 
release  ( 8)  by  use  of  the  formula  Q0  - Oi  = s>  where  Qc  equals  stream 
flow  demands  in  terms  of  c.  f.  s. ; Qi  a computed  statistical  flow  in  terms 
of  c.  f.  s.  , characterizing  the  present  unregulated  stream  flow  at  each 
load  center;  and  8 being  the  difference  in  terms  of  c.  f,  between  Q0 
and  Qi.  The  939  m.  g.  d. , which  is  8,  shown  for  the  month  of  September 
for  the  year  2070  in  the  Public  Health  Service  report  represents  the 
reservoir  release  required  for  water  quality  in  Reach  M-7.  By  sum- 
mating the  monthly  releases  shown  for  2070,  the  Public  Health  Service 
estimated  the  draft- on- storage  required  per  year  at  342, 000  acre-feet. 
The  1,  880  c.  f.  s.  shown  in  Table  6,  Attachment  2,  of  the  Summary 
Report  is  the  same  stream  flow  demand  (Q0)  as  used  by  the  Public 
Health  Service.  This  figure  was  then  compared  by  the  District  to  the 
mass  curve  or  daily  flows  (Qi)  for  the  Eureka  gage  to  determine  the 
amount  q£  storage  required  to  meet  the  2070  demands  over  the  critical 
periods  pi  record.  As  indicated  in  Table  7.  Attachment  2,  of  the 
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theoretical  median  monthly  flow  during  a climatic  year,  whereas  the  Corps 


used  actual  flows  over  the  actual  periods  of  record.  When  adjusted  to 


reflect  concurrent  demands  for  both  water  supply  and  water  quality  con- 
trol and  based  on  the  first-adaed,  last-added  method  of  apportionment, 
703,  621  acre-feet  of  storage  would  be  required  for  water  quality  in 
Reach  M-7,  as  shown  in  Table  7 of  Attachment  2.  The  Public  Health 
Service,  in  using  the  Rainwater  method,  analyzed  the  needs  for  water 
supply  and  water  quality  control  individually  over  the  same  theoretical 
base  flow,  without  consideration  of  concurrent  demands.  It  should  be 
noted  that  no  demand  values  are  shown  in  the  Public  Health  Service 
report;  only  the  supplemental  release  ( s)  is  given.  Values  used  by  the 
Corps  were  obtained  from  the  regional  office  of  the  Public  Health 
Service.  The  Public  Health  Service  is  in  complete  agreement  that  its 


values  of  draft-on- storage,  as  shown  in  its  report,  do  not  reflect  the 


mount  of  storage  required  to  meet  current  demands  for  both  water 


upply  and  quality  control.  It  is  also  in  full  agreement  that  final  deter- 


mination of  the  amount  of  storage  to  be  recommended  is  the  responsi- 


tion.  Table  7,  Attachment  5,  of  the  Summary  Report  shows  allocations 
of  storage  to  the  various  purposes.  Evaporation  requirements,  as 
listed,  apply  only  to  downstream  low-flow  augmentation.  Evaporation 
requirements  for  recreation  are  not  listed  separately,  but  are  included 
in  the  total  storage  for  that  purpose.  Generally  speaking,  as  low-flow 
augmentation  increases  on  a time  phase  basis,  evaporation  require- 
ments increase  in  relation  to  demand  and  time.  An  exception  is  the 
evaporation  requirements  for  the  year  2045,  which  are  slightly  less 
than  the  requirements  for  the  year  2020  in  those  reservoirs  augmenting 
Reach  M-7  flows.  While  the  demands  for  the  year  2045  are  greater 
and  the  critical  period  longer  than  for  the  year  2020  demands,  the  net 
effect  of  evaporation  and  rainfall  is  less  than  for  2020.  The  reason  for 
this  difference  lies  in  the  fact  that  the  critical  period  for  the  year  2045 
demands  includes  more  early  spring  and  late  fall  and  winter  months 
than  the  2020  demands,  resulting  in  lesser  evaporation  requirements. 


Summary  Report,  storage  requirement  for  water  quality  only  is  esti- 
mated at  393,  725  acre-feet  to  meet  the  2070  needs  in  the  lower  basin 
area.  The  principal  difference  between  the  two  storage  values  lies  in 
the  iact”that  the  Public  Health  Service  value  for  Qj  is  based  on  a constant 
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c.  Reference  paragraph  4 - deferring  construction  of 
Union,  Pine  Ford,  Irondale,  and  1-38  Reservoirs.  A reahalysis  was 
made  assuming  Meramec  Park  Reservoir  constructed  initially,  with 
the  remaining  four  reservoirs  deferred  until  the  year  2020.  Meramec 
Park  would  be  capable  of  serving  adequately  the  water  quality  needs  in 
Reach  M-7  to  the  year  2045,  and  water  supply  needs  until  sometime 
thereafter.  Average  annual  benefits  for  Meramec  Park  Reservoir  are 
estimated  at  $4,  333,  400,  and  average  annual  economic  charges  at 
$2,  074,  200,  with  a benefit-cost  ratio  of  2 to  1.  Benefits  applicable  to 
the  remaining  reservoirs,  Union,  Pine  Ford,  Irondale,  and  1-38,  were 
reevaluated  assuming  construction  and  operation  as  of  the  year  2020. 
Benefits  applicable  to  increments  of  water  supply  storage  were  based 
on  a single-purpose  reservoir  other  than  Meramec  Park  as  the  least 
costly  alternative  and  discounted  to  the  base  year,  2020.  Water  quality 
needs  in  the  upper  basin  area  were  also  revised  to  reflect  change  in 
initial  needs  and  discounting  factors.  The  benefit-cost  ratios  for  the 
five  reservoirs,  based  on  the  above  analysis,  are  compared  with  the 
benefit-cost  ratios  contained  in  the  Summary  Report,  as  shown  in  the 
following  tabulation: 


Reservoir 

Meramec  Park 

Pine  Ford 

Irondale 

Union 

1-38 


Summary  Report 


Reevaluation 


While  Meramec  Park,  acting  alone,  can  fulfill  the  needs  in  the  lower 
basin  area  for  water  quality  to  the  year  2045  and  water  supply  for  some- 
time thereafter,  the  reservoir  would  not  provide  needed  flood  reductions 
and  water  quality  control  in  the  upper  basin  area  and  only  partial  flood 
reductions  in  the  lower  basin  area,  and  only  a portion  of  the  urgent 
demand  for  waterborne  recreation  would  be  satisfied.  Deferring  con- 
struction of  Union,  Pine  Ford,  Irondale,  and  1-38  Reservoirs  would 
result  in  benefits  foregone  amounting  to  approximately  $4,  500,  000 
annually,  of  which  $3,  200,  000  would  be  in  the  lower  basin  area  and 
$1,  300,  000  in  the  upper  basin  area.  Details  of  this  reanalysis  are  con- 
tained in  inclosure  1. 
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d.  Reference  paragraph  5 - benefits  based  on  least  costly 
alternative.  The  costs  of  the  most  economical  alternative  means  which 
would  most  likely  be  constructed  in  the  absence  of  the  proposed  proj- 
ects were  used  as  a measure  of  benefits  for  water  supply  and  water 
quality  control.  The  value  of  benefits  for  water  supply  and  water  quality 
control  was  based  on  the  cost  of  single-purpose  reservoirs  having  suf- 
ficient storage  capacity  to  meet  the  desired  flow  requirements  for  the 
purposes  served.  Meramec  Park  Reservoir  site  was  used  for  the  loca- 
tion of  the  single-purpose  reservoirs  since  its  unit  cost  per  acre-foot  of 
storage  was  found  to  be  the  least  of  all  sites  studied.  Based  on  demands, 
construction  increments  of  25  years  were  used.  These  costs  were  then 
Converted  to  an  equivalent  uniform  annual  value  over  a 100-year  period 
gf  analysis  and  discounted  to  reflect  the  time  differentials  between  the 
£ime  of  need  and  the  base  year.  Specific  cost  data  on  these  alternatives 
used  in  deriving  benefit  values  are  shown  in  inclosure  2. 


e.  Reference  paragraph  6 - water  supply  and  water  quality 
control  for  local  areas  and  Reach  M-7.  Information  showing  the  break- 
down by  local  areas  (upper  basin)  and  Reach  M-7  (lower  basin)  for  items 
of  annual  cost  and  annual  benefits  for  water  supply  and  water  quality  is 
contained  in  inclosure  3 for  the  reservoirs  recommended.  Only  in 
Union  Reservoir  are  there  dual  benefits  that  pertain  to  low-flow  augmen- 
tation for  water  quality  control.  Releases  for  the  lower  basin  also  sat- 
isfy water  quality  requirements  in  local  Reach  B-4,  located  immedi- 
ately downstream  from  the  reservoir.  Benefits  applicable  to  the  local 
reach  are  considered  incidental.  Meramec  Park  and  Pine  Ford  Reser- 
voirs both  contain  water  quality  for  low-flow  augmentation  in  the  lower 
basin  only.  Reservoirs  in  the  upper  basin,  Irondale  and  1-38,  provide 
low-flow  augmentation  in  the  interest  of  water  quality  for  the  upper  area 
only,  and  are  not  used  for  water  quality  augmentation  in  Reach  M-7. 
Since  water  supply  is  required  for  only  the  lower  basin,  all  costs  and 
benefits  applicable  thereto  in  project  formulation  pertain  only  to  the 
lower  basin,  Reach  M-7. 


f.  Reference  paragraph  7 - allocated  costs  per  acre-foot 
of  storage.  The  primary  reasons  for  the  wide  range  in  allocated  costs 
per  acre-foot  of  storage  were  previously  discussed  in  the  inclosure  to 
second  indorsement,  LMSED-B,  13  August  1965,  to  letter,  ENGBR, 
Board  of  Engineers  for  Rivers  and  Harbors,  27  July  1965,  subject: 
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Meramec  River.  Missouri,  Summary  Report.  Essentially  the  difference* 
in  costs  are  due  to  the  values  based  on  the  least  costly  alternatives  from 
which  the  benefits  are  derived  and  discounting  of  values  from  the  time 
that  the  needs  are  met.  Particular  reference  is  made  to  the  value  of 
$1.  57  per  acre-foot  of  water  supply  storage  in  Irondale  Reservoir.  Rec- 
reation carries  the  entire  cost  of  this  storage  to  sometime  after  the  year 
2045,  when  it  is  converted  to  use  for  water  supply.  The  cost  of  this 
storage  becomes  approximately  $72  an  acre-foot  when  viewed  in  light  of 
its  dual  purpose.  Contract  for  the  use  of  this  storage  for  water  supply 
would  be  based  on  a cost  analysis  at  the  time  such  storage  is  first  used 
for  that  purpose.  The  amount  of  local  participation  for  this  reservoir  is 
equivalent  to  approximately  23  percent  of  the  total  project  cost,  as  com- 
pared to  approximately  21  percent  for  Pine  Ford  and  Union  Reservoirs 
and  28  percent  for  Meramec  Park  Reservoir. 

g.  Reference  paragraph  8 - stage  construction.  Considera- 
tion has  been  given  to  stage  construction  of  reservoirs,  with  particular 
reference  to  the  water  quality  and  water  supply  storage  requirements. 

In  this  determination,  the  initial  stage  was  formulated  to  provide  the 
maximum  degree  of  flood  control  warranted^  water  quality  to  meet  the 
needs  to  the  year  2020  in  the  upper  and  lower  basin  areas;  water  supply 
to  meet  the  needs  in  the  lower  basin  to  the  year  2020;  and  recreation 
based  on  normal  pool  levels  attainable  through  storage  provided  for  water 
supply  and  water  quality  control.  In  the  initial  stage  construction,  con- 
sideration was  given  to  appropriate  design  which  would  permit  subse- 
quent enlargement,  with  minimum  modifications,  to  meet  additional 
capacity  requirements  for  the  second  50-year  period,  and  acquisition 
initially  of  all  lands  which  would  be  needed  to  meet  the  ultimate  project 
requirements.  Second  stage  construction  would  require  more  costly 
relocations  than  if  undertaken  initially;  extensive  modification  for  spill- 
way and  appurtenant  works;  additional  land  acquisition  to  provide  bor- 
row area  for  embankment,  since  it  is  contemplated  that  embankment 
materials  would  be  obtained  from  the  reservoir  area;  and  abandonment 
or  removal  of  much  of  the  recreational  facilities  constructed  for  the 
initial  phase.  While  stage  construction  would  result  in  reduced  annual 
charges  when  discounted  for  the  final  50  years,  the  total  cost  of  the 
project  would  be  substantially  increased,  and  the  benefits  foregone,  pri- 
marily for  recreation,  would  more  than  offset  these  savings.  Projects 
as  formulated  in  the  Spmmary  Report  are  less  costly  when  constructed 
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initially  than  when  undertaken  under  stage  construction.  Furthermore, 
storage  requirements  to  meet  the  second  50-year  needs  were  found 
incrementally  justified. 


3 Incl 

1.  Pertinent  data  - 
deferred  construction 

2.  Cost  data  - 
major  alternatives 

3.  Pertinent  data  - 
water  supply  fc  water 
quality  control 


Economic  Analysis  Based  on  Deferred 
Reservoir  Construction 


A.  Meremec  Park  Reservoir  alone  (1970  construction) 

Benefits 

1.  Flood  control  $ 827,600 

2.  Water  quality  (M-7  only)  618,500 

3.  Water  supply  (M-7  only) 

Base  (thru  2045)  661,200 

Increment  (2045-2070)  7,300 

Total  water  supply  benefits  668,500 

4.  Total  recreation  including  fish  & wildlife  2,197,100 

5.  Navigation  21,700 

Total  gross  benefits  4,333,400 

Average  annual  economic  charge  $2,074,200 

Benefit-cost  ratio  2.1  to  1 


Economic  Analysis  Based  on  Deferred 
Reservoir  Construction 


i.  Deferred  construction  of  Pine  Ford,  Irondale,  Union 
and  Bourbeuse  River  Reservoirs  (2020  construction) 


ronda le 


1.  Flood  control 


2.  Water  quality 


3.  Water  supply  (M-7  only) 


4.  Total  recreation 


5.  Navigation 


Total  gross  benefits  1,743,900  912,300  1,638,100  483,900 

Average  annual  economic  charge  $1,283,800  $627,500  $1,311,600  $365,900 


£s«8t«ts*ii»2i£^  I 


i§ii.iii§§i§i 

®n4N^»an^02w2 

iflNNNHMrtMftOlAO 

no  04  •-*  r*nwn 


n n «c  « 


ill §iii i 


s 


I 


I 


% 

u 

l 

l 


2 »54dJs34££ 
• £s888882SR 


* Reflects  Initial  coat  expenditures  for  securing  options  or  Interest  In  real  estate  sufficient  to  preclude  development  incompatible  to  the  project 

lands  required  for  later  staged  development. 
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